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Abstract

Airborne information for lateral spacing (AILS) is a concept for making approaches to
closely spaced parallel runways in instrument meteorological conditions (IMC). Under
the concept, each equipped aircraft will assume responsibility for accurately managing
its flight path along the approach course and maintaining separation from aircraft on the
parallel approach.

This document presents the results of an analysis of the AILS concept from an air
traffic control (ATC) perspective. The process has been examined in a step by step
manner to determine ATC system support necessary to safely conduct closely spaced
parallel approaches using the AILS concept. The analysis resulted in recognizing a
number of issues related to integrating the process into the airspace system and

proposes operating procedures. Terminal area operations at three airports were
examined in terms of applying AILS technology -- San Francisco International Airport,
Seattle-Tacoma International Airport, and Minneapolis-St. Paul International Airport.
The discussions include suggested experiments to address AILS ATC issues as they
relate to those environments.



Preface

This document represents the report of a NASA Langley Research Center Airborne Information
for Lateral Spacing Air Traffic Control Ad Hoc Team established to initiate development of the
concepts necessary to integrate the proposed AILS process into the ATC system in terminal

area operations. It was recognized from the outset that the team could not resolve all of the
issues that would surface in the time allotted for its initial work. It was believed that generating
a document highlighting the issues and suggesting answers to some of the ATC related
questions would be a useful start. It is expected that this document will present a platform from
which additional development can be launched. It is also hoped that it will be instrumental in
stimulating ATC experts and other stakeholders in the close parallel runway approach problem
to start addressing the issues in the necessary detail to bring the AILS process to reality in the
National Airspace System.

Three experiment plans are presented to help stimulate the thinking of those who have more
experience in conducting ATC experiments. It is anticipated that experiments actually
conducted may be significantly different from those proposed. Nevertheless, the ideas of the

team are presented for initial consideration. One of the important aspects of the experiments is
that their design has provided an incentive to explore realistic issues related to how the AILS

process might be tailored to fit into different terminal areas. This exercise has highlighted the
need to study the AILS process in realistic airspace environment models.

The AILS ATC Ad Hoc Team members are Marvin Waller, Thomas Doyle, and Frank McGee.
Marvin Waller has been involved in the AILS concept development for the last five years and
provided the team with the background information related to the AILS process from the flight
deck perspective. Tom Doyle, Adsystech, Inc., is a recently retired FAA Air Traffic Controller
with extensive experience in ATC facility management. His most recent experience was at the
Dallas-Fort Worth Terminal Radar Approach Control (TRACON) and Tower as manager of
operations. NASA and the FAA jointly sponsor his involvement on the Ad Hoc Team. Frank
McGee, Lockheed Martin, is a retired United States Navy Master Chief Air Traffic Controller.
His background includes facility supervision and experience as an ATC Safety Analyst

conducting safety inspections at military installations worldwide. He was also a Master Training
Specialist responsible for control tower operator certification. As well as bringing extensive ATC
expertise to the team, Tom Doyle and Frank McGee used a number of contacts with individuals
at ATC facilities throughout the country to update information on the details of current
operations in various terminal areas.

A number of individuals at various ATC terminal facilities contributed to the information

assembled in this document through telephone conversations and through providing copies of
relevant sections of their operations handbooks. Air traffic staff members at Seattle-Tacoma
International Airport, San Francisco International Airport, Bay TRACON (located in Oakland,
CA), Dallas-Fort Worth International Airport, Minneapolis-St. Paul International Airport and St.
Louis/Lambert International Airport provided extensive input that was invaluable in developing
this document.



Particularthanksto GeneWong,FAAAND-450and hissupportteamincludingHansPeter
Strassen,and FrankBuckof the MitreCorporation,andSherriMorrowof SRCfor their review
of the ideasin anearlydraft of thisdocument.
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1.0 Introduction

This document presents the requirements for airborne information for lateral spacing (AILS)
approaches to close parallel runways. It describes the ATC interaction and requirements for
two versions of approaches to close parallel runways, straight-in approaches and segmented

approaches. Paired-staggered approaches are also discussed, but in less detail. The
approaches are described from the ATC perspective and some of the detailed ATC system

considerations in designing the approaches are addressed in the discussions. Critique and
comments on the role of ATC as represented in the document are encouraged.

Independent straight-in approaches in all weather conditions are the baseline for AILS
approaches. They are somewhat similar to visual approaches on an IFR flight plan in that the
controller has transferred responsibility for lateral separation to the flight deck crew. The
assumption is that AILS equipment will support the flight deck crew in maintaining separation
from traffic on the parallel approach and that the traffic alert and collision avoidance system
(TCAS) will assist in maintaining separation from other traffic operating in the area. The
assumed airborne equipment includes an accurate flight path management system based on
technology such as the differential global positioning system (DGPS) and data communication
between aircraft such as with automatic dependent surveillance broadcast (ADS-B). It also

includes an alerting and warning system that will warn a participating aircraft deviating from its
assigned airspace. It will also present an alert should nominally parallel traffic deviate from its
airspace in a manner that poses a collision threat involving the own aircraft. A display of
proximate traffic may be incorporated in the airborne system. Also, procedures for taking
evasive action in the event of intrusions are clearly defined. Conventional TCAS will continue to
operate and protect against intrusions from other traffic not monitored by the AILS system.
However, this does not preclude an implementation where the AILS system may be
incorporated in an expanded version of TCAS, a possibility which is under study.

Appendix A, AILS from the Flight Deck Perspective, provides an overview of the AILS system
under development and summarizes the results of earlier NASA studies. Reference 1,
comprises the presentations at the NASA workshop on AILS held in October of 1996, and

provides details of four NASA studies completed at that time as well as other presentations and
discussions from the workshop. Reference 1, includes a discussion describing the paired
staggered approach concept written by Rocky Stone of United Airlines and Chairman of RTCA
SC-186.

Figure 1 presents a illustration of the generic airspace environment assumed for the parallel
approaches. In much of the discussion to follow, including figure 1, example values of
parameters will be provided, e.g., speeds, altitudes and distances from the runway threshold. It
is emphasized that the values provided are examples and that, in an application, the particular
values of parameters will need to be determined from the geometry and other constraints of the
particular airspace under consideration. As shown in figure 1, there are three control positions
normally involved: the feeder controller, the final controller and the tower local controller. The

tower local controller is responsible for the tower traffic pattern and runways. The feeder and
final controllers are radar controllers located in the terminal radar approach control facility
(TRACON) and are responsible for setting up the approach sequence. The assumption is that
traffic is initially under the control of a feeder controller and is handed off to a final controller and
then to a tower local controller. A typical approach involves a flight along a downwind leg, a
turn to base leg, and then a turn to the final approach corridor.
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Airborneinformationfor lateralspacingis a systemfor makingapproachesto closeparallel
runwaysbasedon flightdeckcenteredtechnologyandaccurateflightpathmanagement.
Differentialglobalpositioningsystem(DGPS)navigationcouldbe usedto supporttheflight-
path-managementaccuracyrequirement. Inthe procedure,eachequippedaircraftwill assume
responsibilityfor accuratelymanagingits flightpathalongthe approachcourseandmaintaining
separationfrom aircraftona parallelapproach. Itshouldbeviewedasa systemcapableof
meetingobjectivessimilarto thoseof the instrumentlandingsystemprecisionrunwaymonitor
(ILS PRM)by enablingapproachesto closelyspacedparallelrunwaysinall weatherconditions.
However,AILStechnologyis envisionedto enableoperationsto parallelrunwayslaterally
spacedcloserthanthe 3400-footlimit imposedonPRMoperations. It is envisionedthat the
AILSprocedurewill be describedonanapproachplateandwill requirea levelof pilot
certificationto participatein the process.The aircraftwill be requiredto havea minimumset of
equipmentwhichmayincludeDGPSnavigationcapability,equipmentfor dataexchangewith
proximatetraffic,and a processorwhich integratesdata receivedfromtrafficwith its ownstate
to warnthe flightdeckcrewof collisionthreats.
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2.0

ADS-B

AILS

airport acceptance
rate

AR

ARC

ARTS

ATC

ATCRBS

ATCT

ATIS

Breakout

CC

CI

close parallel
runways

Corn

CTAS

DBRITE

DGPS

EEM

FAr

FDAD

FM

Glossary of Terms and Abbreviations

automatic dependent surveillance broadcast

airborne information for lateral spacing

Sometimes referred to as the "flow rate"; it is a dynamic input

parameter specifying the number of arriving aircraft that an
airport can accept per hour.

arrival radar control position, feeder and final

NASA Ames Research Center

automated radar terminal system

air traffic control

air traffic control radar beacon system

air traffic control tower

automatic terminal information service

A technique to direct aircraft out of the approach stream

cab coordinator (formally, coordinator tower position)

radar coordinator (formally, coordinator interphone position;located in the
TRACON)

Two parallel runways whose centerlines are separated by less than
4300 feet

communications

center/TRACON automation system

digital bright radar indicator tower equipment

differential GPS

emergency escape maneuver

final approach fix

full digital ARTS display

final monitor controller



FMS

GPS

Handoff

IAF

IFR

ILS

ILSPRM
Approach

IMC

LaRC

LC

LDA

LevelFiveFacility

MAP

MissedApproach

MR

NAS

MSP

NASA

flightmanagementsystem

globalpositioningsystem

An actiontakenby controllersto transferthe radaridentificationof an
aircraftfrom onecontrollerto anotherif the aircraftwill enterthe receiving
controller'sairspaceand radiocommunicationswith the aircraftwill be
transferred.

initialapproachfix

instrumentflight rules

instrumentlandingsystem

An instrumentlandingsystemapproachconductedto parallel
runwayswhoseextendedcenterlinesareseparatedby lessthan
4300ft. andthe parallelrunwayshavea precisionrunway
monitorsystemthat permitssimultaneousindependentILS
approaches.

instrumentmeteorologicalconditions

NASALangleyResearchCenter

towerlocalcontrolposition

Iocalizertypedirectionalaid

Ratingfor FAAair trafficcontrolterminalfacilities. Relatedto thetraffic
volumethe facilityis certifiedto handle.A level5 facilityhandlesin
excessof 100aircraftper hour.(See: Wickens, C., Mavor, A., and
McGee, J., eds: Flight to the Future, 1997, pg. 38 for information on
levels.)

missed approach point

A maneuver conducted by a pilot when an instrument approach cannot
be completed to a landing.

AILS monitor controller

national airspace system

Minneapolis-St. Paul International Airport

National Aeronautics and Space Administration



ND

NM

NTZ

OuterFix

PFD

PRM

PPC

RTO

RWY

s.d.

SlAP

SFO

SEA

STL

TCAS

Tower

TRACON

VFR

Visual
Approach

navigationdisplay

nauticalmile

no transgressionzone

a pointalongthe routeof flightnormallyjustpriorto enteringthe
TRACONarea

primaryflightdisplay

sameas ILSPRM

pseudopositioncontroller(usedin experiments)

rejectedtakeoff

runway

standarddeviation

standardinstrumentapproachprocedure

SanFranciscoInternationalAirport

Seattle-TacomaInternationalAirport

St. Louis/LambertInternationalAirport

trafficalert andcollisionavoidancesystem

A terminalATCfacilitythat usesair/groundcommunications,visual
signaling,andotherdevicesto provideservicesto aircraftoperatingin
thevicinityof anairportor onthe movementarea;providescontrol
instructionsto aircraftfor landingand takeoff.

terminalradarapproachcontrol. A terminalATCfacilitythat uses radar
and non-radarcapabilitiesto provideapproachcontrolservicesto aircraft
arriving,departing,or transitingairspacecontrolledbythefacility.

visualflight rules:Rulesthat governthe proceduresfor conductingflight
undervisualconditions.Theterm"VFR"is alsousedto indicateweather
conditionsthat areequalto or greaterthanminimumVFR requirements.
Inaddition,it is usedby pilotsandcontrollersto indicatea typeof flight
plan.

An approachconductedon an instrumentflight rules(IFR)flight
planthat authorizesthe pilotto proceedvisuallyandclearof cloudsto the
airport. Thepilotmust,at all times,haveeitherthe airportor the
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precedingaircraftin sight. Thisapproachmustbeauthorizedandunder
thecontrolof the appropriateair trafficcontrolfacility. Reportedweather
at the airportmustbe ceilingat or above1,000feet andvisibilityof 3
milesor greater.

Visual
Separation

VMC

m

50

m

50

5-0

m

50

3-0

A means employed by ATC to separate aircraft in terminal
areas and en route airspace in the National Airspace System (NAS).
There are two ways to effect this separation:

a. The tower controller sees the aircraft involved and issues

instructions, as necessary, to ensure that the aircraft avoid each
other.

b. A pilot sees the other aircraft involved and upon instructions from
the controller provides his own separation by maneuvering his

aircraft as necessary to avoid it. This may involve following
another or keeping it in sight until it is no longer a factor.

visual meteorological conditions - Meteorological conditions
expressed in terms of visibility, distance from clouds, and ceiling
equal to or better than specified minimum.

Mandatory altitude, traffic under the control of the referenced position
must maintain 5000 feet.

Maximum altitude, traffic under the control of the referenced

position must be at or below 5000 feet.

Minimum altitude, traffic under control of the referenced position
must be at or above 5000 feet.

Mandatory block altitude, traffic under the control of the
referenced position must be between 3000 and 5000 feet.
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3.0 Independent Straight-in AILS Approaches to Parallel Runways

The straight-in AILS approaches under consideration in this document are to parallel runways
laterally spaced at least 2500 ft. apart, where wake vortex considerations do not limit
independent parallel approaches. Straight-in approaches are frequently characterized by a
handoff from the feeder controller to the final controller. Normally, the feeder controller will
place the aircraft on a descent into the final controller's airspace. Figure 2 illustrates an

example of AILS approaches following conventional straight-in approach profiles. In
application, the downwind and base legs may be replaced with an approach profile from other
directions, as illustrated in the approach to the right-side runway in figure 2. A step-by-step
listing of the air traffic controller actions is included in the figure. The numbers along the
illustrated flight path correspond to the numbers in the list of actions and are placed in the
approximate location along the flight path where the action would be completed. It is
emphasized again that this is a model which when applied in a particular airspace may need to
be adjusted for the specific requirements of that airspace. The layout of airspace around
different airports varies greatly. Some of the actions indicated in the figure are optional.

Current considerations for wake turbulence will permit independent parallel runway approaches
to runways laterally spaced no closer than 2500 ft.; however, it is the intent that the process

developed will be applicable as wake turbulence solutions are found. The more general
operation will be planned in this examination under the assumption that the resulting process
will be applicable to cases where the runway spacing is 2500 ft. up to the 4299 ft. It is also
expected that the proposed procedures will be applicable to closer runway spacing where both
the independent AILS process and a wake turbulence solution might be combined in the future.
This will obviate the need to establish one set of requirements for runways laterally spaced or
more apart and a second set for runways spaced less than 2500 ft., e. g. 2000 ft. or 1700 feet.
It is anticipated that initial applications will be in environments where the runway spacing is
2500 ft. or more.

The AILS concept requires the flight deck crew to monitor traffic on the parallel approach path
using electronically displayed data linked information as opposed to direct out-of-the-window

viewing. This protocol more closely resembles close parallel visual approaches when the
approach paths are closer than 2500 ft., as at San Francisco. Also, the current expectation is
that the ATC system will provide the longitudinal separation from traffic operating in the same
stream. The process is not exactly analogous to the visual approach protocol.

To summarize, the AILS protocol will require the flight deck crew to be responsible for
maintaining separation from traffic on the adjacent parallel approach and require the ATC
facility to be responsible for longitudinal separation of in-trail traffic operating in the same
stream.

Another important assumption made defines the point at which the AILS process becomes the
active means by which lateral separation of traffic is provided. The AILS system becomes the

means for providing safety and separation when the final controller gives the flight the AILS
approach clearance. Before that point the final controller is responsible for separation. After

accepting the AILS approach clearance, the flight deck crew assumes responsibility for lateral
separation. The final controller will transfer communications to the tower local controller after
the clearance is issued and prior to the final approach fix. This must occur before aircraft on
the higher initial path starts to descend, giving up the 1000-foot altitude separation.
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Thefollowingarecontrollerproceduresfor independentstraight-inAILSapproaches.

3.1 Informaircraftthat independentstraight-inparallelAILSapproachesare in
usepriorto an outerfix, and confirmthatthe aircraftwill beableto conduct
that approach.Theautomaticterminalinformationsystem(ATIS)will statethetype
of approachesin use.

3.2 Handofffromthe feedercontrollerto thefinal controllerwill beconducted
priorto thefinal controller'sairspace. (Thisis thepointat whichresponsibilityfor
thetraffic is offeredto the finalcontroller. Thefinalcontrollermustacceptthe
handoffpriorto trafficenteringfinalcontrollerairspace.)

3.3 Thefinal controllerwill insurethat the aircraft'sflightpath remainswithin final's
delegatedairspace.

3.4 Appropriatecoordinationwill beconductedpriorto the aircraftenteringanother
controller'sairspace.

3.5 Thefinalcontrollerwill issuea trafficpoint-outto aircraftpriorto turningon to final
approachwhenappropriate.

3.6 Aircraftcrewswillconfirmthatthey havetheir traffic insight (underelectronic
surveillance)priorto beingissuedanapproachclearance.

3.7 Thefinal controllerwillapplystandardseparationbetweenaircraftduringturn-onto
finalapproach.

3.8 Thefinalcontrollerwill issuethe appropriateAILS approachclearancepriorto
glideslopeinterception.

3.9 Theairbornesystemswill assumeseparationresponsibilitybeforestandard
separationisgivenup.

3.10 Inthe eventof anemergencyescapemaneuverwithinthe finalcontrollers
jurisdiction,thefinal controllerwill insurecoordinationis conductedwith the
controllerof the airspacetheaircraftwill enter. Subsequentcoordinationwill be
the responsibilityof the controllerwhoseairspacethe aircraftwill be leaving.

3.11 Communicationstransferto the towercontrollerfrequencyshallbe
completedpriorto the finalapproachfix. (This iswhenthe towercontroller
assumesATCresponsibilityfor that traffic.)

3.12 Thetowercontrollerwill issuethe landingclearanceto the aircraft.

3.13 Inthe eventof anemergencyescapemaneuverwhilewithintowerjurisdiction,
thetowercontrollerwill insurecoordinationis conductedwiththe controllerof the
airspacethe aircraftwill first enter. Subsequentcoordinationwill be the
responsibilityof the controllerwhoseairspacethe aircraftwill be leaving.

12



3.14 Inthe eventof a missedapproach,aircraftshallexecutethe missed
approachaspublishedin the StandardInstrumentApproachProcedure
(SLAP).

4.0 Segmented AILS Approaches to Parallel Runways

The segmented AILS approach is illustrated in the approach to the right-side runway in figure 3.
This approach procedure allows aircraft to use flight management system (FMS) capabilities
along with DGPS to fly a path that converges to a parallel runway spaced as close as 700 ft.
The term "segmented" relates to the two straight-line segments that make up the final approach
path. The first segment is flown at a twelve-degree angle, converging to the extended runway
centerline. The second segment is along the extended runway centerline to the runway
touchdown point, This procedure requires the aircraft to be in VMC and the airport to be in
sight before the minimum certified AILS capability is violated. Assuming that the AILS
application has been approved for operations as close as 2500 feet, the designed location of
the missed approach point will be at that lateral distance from the adjacent parallel runway
extended centerline. When the aircraft on the segmented approach reaches the missed
approach point it must be in visual conditions and the crew must have both the runway and

parallel traffic in sight. Basically, the other aspects of the discussion provided for the straight-in
AILS approach are applicable in the segmented AILS approach. Handoff of responsibility for
lateral separation is made to the flight deck crew when the approach clearance is given and
before less than standard separation occurs.

The question of what procedures will be used as the AILS portion of the approach is terminated
in the vicinity of the 2500 feet lateral separation from the parallel approach path has been
examined. The nominal expectation is that the flights will continue under visual approach
protocols after being cleared to land. A condition for clearing an aircraft to land is either that the
leading aircraft on the same approach path, or the airport, is in sight. An aircraft will have to
acquire visual separation from the traffic approaching the parallel runway prior to reaching the
2500-foot lateral separation point. The Ad Hoc Team decided to draw on the Iocalizer type

directional aid (LDA) approach experiences of San Francisco (SFO) and St. Louis (STL)
airports for guidance since the processes are somewhat similar. Also, see the discussion of
operations at MSP provided in section 8.3.

4.01 The LDA Approaches at St. Louis

Exploring the details of how LDA approaches are conducted at the St. Louis airport and
how they were managed at San Francisco airport has provided some insight into how
some of the issues of segmented approaches may be dealt with. For the St. Louis airport
operation, the traffic is paired and staggered with one aircraft spaced longitudinally ahead
of the traffic on the adjacent approach. In order to receive landing clearance, the trailing
aircraft in the pair must confirm to the local controller that the leading aircraft on the

adjacent approach is in view and that the runway is in sight prior to the missed approach
point. The local controller may provide visual separation as an alternative at the discretion
of the controller.

The St. Louis airport has an LDA distance measuring equipment (DME) approach
authorized to operate in conjunction with simultaneous approaches to the parallel runways.
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Air trafficcontrolattemptsto positionthe aircrafton the LDADMEapproachslightlybehind
the aircraftmakingthe approachto the adjacentrunway. Thismakesit moreefficientand
easierfor the aircraftto acquirevisualcontactwiththe otheraircraftpriorto the missed
approachpoint,a requirementforthis operation(Reference2). Spacingbetweenthe LDA
and ILSparallelapproachcoursesis 4,500feet. Oncethe aircrafton the LDAapproach
hasthe runwayandotheraircraftin sightit willstartmaneuveringlaterallyto the runway,
closingthegap betweenaircraft. Therunwaysare 1,300ft. apart. Thisoperationhas
increasedthe flow rateduringinstrumentmeteorologicalconditions(IMC)from32arrivals
perhourto 52-60arrivalsperhour.

4.02The LDAApproachesat SanFrancisco

Whenthe LDAwasusedat SFO,a similarsituationwas ineffect. Theaircrafton the LDA
approachwasclearedto landonlyafterenteringVMCandconfirmationto thecontroller
that the runwayandtrafficon the straight-inapproachwas insight. Note: In bothcases
(SFOand STL)heavyjet aircraftwererequiredto usethe straight-inapproachin lieuof the
LDAapproach.Thiswill bea considerationwhen managingtrafficat SFO usingthe
segmentedAILSapproach.

SanFranciscoInternationalAirportpreviouslyusedanLDADMErunway28R approachin
conjunctionwithan ILSrunway28Lapproach.The aircrafton the ILSapproachwereset
up in a closestagger,1/2to 3/4 mile in trail of the aircrafton the LDAapproach.This
enabledthe aircrafton the ILSapproachto acquirevisualcontactwith the aircrafton the
LDAapproachoncetheyenteredVMC,a requirementpriorto the missedapproachpoint.
Priorto the missedapproachpoint,the Iocalizerseparationbetweenthe twoapproaches
wasover5,000feet. After the aircrafthadvisualseparationfromthe other,the aircrafton
the LDAwasclearedto proceeddirectto the runwayand land(Reference3). Distance
betweenrunwaycenterlinesis 750feet. Thisoperationwas intendedto increasethe
arrivalflowwhilemaintainingan efficientdepartureflow.

Useof thesegmentedAILSapproachwill requirethat aircraftarepairedandstaggeredso that
thecrewof the aircrafton thesegmentedapproachpath,whenit entersVMC,will be expected
to see the aircrafton thestraight-inpath. Theaircrafton the straight-inapproachwill be
positionedaheadof the oneon the segmentedpath. Followingsucha protocol,the flightdeck
crewon the segmentedapproachwouldbe requiredto see thetrafficon thestraight-inpath
priorto 2500-footlateralseparation. If this is not the casethe aircraftmakingthe segmented
approachwillbe requiredto breakoff the approachusingthe EEMprocedure.
Thefollowingoutlinesthe responsibilityof the air traffic controllersin the process.

4.1 Informaircraftthat segmentedAILS approachesare in usepriorto an outerfix.
This is normallyaccomplishedusingATIS. Confirmthatthe aircraftwill beableto
conductthis approach.

4.2 Handofffromthe feedercontrollerto the finalcontrollerwill beconductedpriorto
the finalcontroller'sairspace.(This is the pointat whichresponsibilityfor the
traffic is offeredto the finalcontroller. Thefinalcontrollermustacceptthe handoff
priorto trafficenteringfinal controllerairspace.)
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4.3 The finalcontrollerwill insurethatthe aircraft'sflightpath remainswithin final's
delegatedairspace.

4.4 Appropriatecoordinationwillbeconductedpriorto the aircraftenteringanother
controller'sdelegatedairspace.

4.5 Thefinalcontrollerwill issuea trafficpoint-outto aircraftpriorto turning
ontofinal approach.

4.6 Bothaircraftwill confirmthat they havetheirtraffic insight (underelectronic
surveillance)priorto beingissuedapproachclearance.

4.7 The finalcontrollerwill applystandardseparationbetweenaircraftduringturn-on
to finalapproach.

4.8 The finalcontrollerwill issuethe appropriateAILSapproachclearancepriorto
glideslopeinterception.

4.9 The airbornesystemwill assumelateralseparationresponsibilitybeforelosing
standardseparation.

4.10 Inthe eventof anemergencyescapemaneuverwithin thefinal controller's
jurisdiction,thefinal controllerwill insurecoordinationis conductedwiththe
controllerof the airspacetheaircraftwill enter. Subsequentcoordinationwill be
the responsibilityof the controllerwhoseairspacethe aircraftwill be leaving.

4.11 Communicationstransferto the towercontrollerfrequencyshallbe
completedpriorto the finalapproachfix. (This iswhenthe towercontroller
assumesATC responsibilityfor thattraffic.)

4.12 Thetowercontrollerwill issuethe landingclearanceto theaircraft.

4.13 Inthe eventof anemergencyescapemaneuver,whilewithintowerjurisdiction,
the towercontrollerwill insurecoordinationisconductedwith the controllerof the
airspacethe aircraftwill first enter. Subsequentcoordinationwillbe the
responsibilityof the controllerwhoseairspacethe aircraftwill be leaving.

4.14 Inthe eventof a missedapproach,aircraftshallexecutethe missed
approachas publishedin the SLAP.

5.0 Paired-Staggered Approaches

The paired staggered approach concept was first introduced in a NASA Langley briefing to

RTCA SC 147 in 1995 (RTCA paper No. 346-95/SC147-634, meeting minutes available from
RTCA, Inc.). This concept is a dependent approach procedure that requires aircraft making
approaches on adjacent parallel paths be paired. It is a dependent procedure in that the two
aircraft within a given pair are required to maintain a specified longitudinal relationship to one
another. For example, one aircraft must trail a leading aircraft on the parallel approach path at
a longitudinal distance of approximately one-half mile. Setting up and maintaining this
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relationshipis primarilythe responsibilityofthe aircraftcrews involvedwithsomeassistance
fromATC. Figure4 illustratestheprimaryfeaturesof thisconcept.

Forthe purposesof thisdiscussionit ispostulatedthat the airtraffic controlsystemwill:

1. Initiallyassignthe aircraftto pairs.
2. Provideinitialstagingofthe two aircraft.
3. Handoff responsibilityfor separationto the flightdeck.
4. After initialresolution(bythe airbornesystems)of an incidentwhereanaircrafthas

deviatedfromits clearance,resumeresponsibilityfor separationof all traffic involved.

It is furtherassumedthat the pairedaircraftwill:
1. Acceptresponsibilityfor separation.Probablythe trailingaircraftwill beprimaryinthis

function.
2. Makeanyadjustmentsto their initialrelativepositionsto meetthe longitudinalspacing

requirements.
3. Monitorthe longitudinaland lateralspacingduringthe approaches.
4. Executeanymaneuversrequiredto maintainsafeflightshouldthe requiredseparationbe

threatenedor lost.
5. ContactATCfor further instructionswhena deviationfrom clearanceoccurs.

5.1 Assigning aircraft to pairs
The actual procedures for assigning aircraft to pairs will have to be worked out possibly by an
implementation team including FAA representatives along with the interested airlines and
stakeholders. It is assumed that ATC will assign the aircraft to pairs with the knowledge that
both aircraft are equipped. One possibility is that the feeder position will make the assignments.
Because of implementation and equipage issues, a likely scenario is that only aircraft of a
single airline will be involved initially. United Airlines hubs at SFO and has taken a lead in the
development of this procedure.

5.2 Providing initial staging

ATC will place the two aircraft of the pair on the final approach with a minimum of 1000-foot
altitude separation and an estimated longitudinal stagger as will be specified in the concept
design. For example, the controller may be required to place aircraft B approximately one
nautical mile behind aircraft A. The precedence for this task requirement is the previously used
LDA approaches into SFO. Automation tools such as the center/TRACON automation system
(CTAS) may be used to assist the controller in setting up the initial spacing. The aircraft
systems will be expected to make final adjustments to this spacing as may be required by the
procedure.

5.3 Handing off responsibility for separation to the flight decks
The controller will hand off responsibility for longitudinal and lateral separation to the flight
decks involved, clearing them for a paired staggered approach to their respective runways. The

controller will clear the two aircraft for a paired staggered approach specifying which aircraft will
trail the other. Appropriate coordination between ATC and both aircraft will be completed.
Once given the clearance to make the approach, the flight crews will assume responsibility for
separation.
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5.4 After an incident has been initially resolved
In the event of an incident where separation is threatened and one or both aircraft deviates
from its approach path, ATC will be expected to resume control after the initial separation
problem has been resolved by the airborne systems. At that point, ATC will issue instructions
to maintain safe separation of all traffic involved. High priority will be given to directing the

deviating aircraft back into the approach stream as it would be after an AILS EEM, described in
Appendix A.

There will be an additional complication that the paired-staggered paradigm will have been
compromised. The two aircraft were initially operating as a pair and at this point they must each
be integrated back into the traffic flow pattern. Can they resume operation in a paired-
staggered paradigm? What if one aircraft continues to landing and the other breaks off the
approach? The implications and consequences of these issues should be the subject of
studies of this concept from the ATC perspective.

Deliberation of the detailed procedures to be used in the paired staggered approach concept is
an ongoing (1999) activity of a working group of RTCA SC-186. An attractive feature of the

concept is that the aircraft pair is required to maintain a minimum longitudinal spacing of some
specified amount such as 1/2mile. It should also be noted that there would normally be no

collision threat if the trailing aircraft deviates laterally in the direction of the parallel approach
course when the required longitudinal spacing is maintained. This reduces the chance of ATC
having to manage two aircraft simultaneously deviating from their clearances. An AILS type
EEM will probably be required should the leading aircraft pose a collision threat. However, the
longitudinal spacing maintained would allow an additional buffer for a somewhat less time
critical EEM.

6.0 The Role of ATC in the Event of an Intrusion Incident

The AILS process as currently envisioned assumes that separation from the aircraft nominally
operating in the parallel approach stream will be the responsibility of the flight deck crews
participating in the process. The AILS systems and procedures to support the requirements

have been developed both to provide flight deck capability to reduce the chance of incursion,
and to maintain safe separation from an erring aircraft. In the event of an intrusion, no direct
involvement by ATC is expected until the flight deck crews have resolved the initial conflict.

Once the initial conflict has been resolved and safe separation achieved, the flight deck crew
will expect ATC to assume responsibility for separating the two aircraft involved in the incident
from all traffic, and to vector the aircraft back into the approach pattern. The question
addressed in this section is: What are the requirements and issues related to the controllers
being able to step in at that point and resume responsibility for the safe separation of the
deviating aircraft from each other and from other traffic? In analyzing the issues, it is necessary
to understand the tasks and responsibilities of the controllers involved, as well as which control
positions will likely be impacted.

The deliberations of the Ad Hoc Team on this question have highlighted four issues which will
be addressed in some detail in Sections 6.1 - 6.4. Section 6.01 through Section 6.04 describe
the issues.
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6.01 Air Traffic Control Tower Differences

Towers are organized and operated according to different designs. Some towers split
their operations into a north airport and a south airport, for example, with basically
separate tower operations for the two sectors. Some will have one tower local controller
and one communication frequency for the traffic on the two parallel approaches. Some

have a separate local controller and a separate frequency for each of the parallel
approaches.

6.02 Number of Tower Local Controllers (LC) and Other Staff involved in the resolution
of a incident

It is important to understand what would likely transpire in the tower should an intrusion
incident occur. Important issues include the number of LC and other staff positions in
the tower and how the tower interacts with the TRACON should such an incident occur.

One central question is how many tower local controllers will be involved in resolving the
conflict.

6.03 Use of an AILS Monitor Controller (MR)

Related to the above question, in all current simultaneous independent ILS approach
operations, regardless of runway spacing, there is a final monitor controller (FM) located

in the TRACON. This FM assures that separation is maintained between traffic on the
final approach. The FM has override capability on the tower radio communication
frequency. Since a final monitor position is used in all current simultaneous independent
ILS approach operations, the central issue of this section is whether a similar position is
needed in the AILS operations.

The Ad Hoc Team has concluded that a specially defined AILS monitor controller (MR)
could be used in some circumstances, but that such a position should not be a general
requirement. The discussions that follow elaborate on this conclusion.

The basic task of the final monitor, in current simultaneous independent ILS approach
operations, is to observe the traffic in the stream being monitored and to detect any

traffic deviation from its own airspace toward the path of parallel traffic. The final
monitor will also intervene if longitudinal separation of traffic within the stream is
violated. Specific responsibility is defined for each terminal area and varies from
terminal area to terminal area. In any event, the responsibility for managing traffic
ahead of and behind the traffic involved in an intrusion incident continues for the tower

local controller. In some busy environments the workload of the local controller will be
too high to expect that position to absorb the additional responsibility of managing
deviating aircraft. In a worst case scenario, the aircraft that initially caused the incident
could have a radio communication problem.

One scenario under consideration is that the aircraft on the parallel approaches are all
on a single tower frequency with a single local controller. This is the type of operation

that is envisioned in an environment such as SFO. The single local controller will be
responsible for both aircraft should an intrusion incident occur. Also, that controller may
have to coordinate with appropriate adjacent airspace controllers. The issue is that it is
quite possible that the workload of the single local controller can easily get too high for
that one controller, and assistance in managing an emergency by a special AILS
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monitor(MR)wouldbe requiredinsucha case. The roleof thetowercabcoordinator
mustalsobe taken intoconsiderationin thisscenario.

6.04 Requirements Related to Controllers Acceptinq Responsibility for Separation
One of the premises of the AILS process is that the controller will have no effective way

to manage conflicts in the closely spaced parallel runway environment. Responsibility
for separation from traffic nominally on a parallel approach path will be handed off to the
flight deck crew as in visual approaches. When an emergency escape maneuver is
executed to avoid a collision threat, the controller will be contacted at some point. The
flight deck crews involved will expect the controller to accept responsibility for separation
from other traffic. An issue is that there are requirements that need to be met to enable
controllers to accept the responsibility for separation at that point. One concern is that
the digital bright radar indicator tower equipment (DBRITE) and full digital ARTS display
(FDAD) and the radar systems that support them do have limits on their resolution. A
central question is the following. When can the controller, using the radar display,
adequately determine the relative positions and movement of the two aircraft? Only
when that condition has been reached can the controller accept responsibility for their

safe separation and vector them back into the traffic pattern. The process and timing for
the controller accepting separation responsibility after an EEM must be clearly defined.

The following paragraphs will address the issues raised in Sections 6.01 - 6.04 respectively. An
important point to be made in the discussions of this report from the Ad Hoc Team is that,
although there are some generic issues which can be addressed, any AILS solution will need to
be tailored to the conditions of a particular terminal area. Those details will probably make the
solution unique to that particular application. This point will be made more clear as the
recommendations for experiments for the three terminal areas, Seattle-Tacoma (SEA), San
Francisco (SFO), and Minneapolis-St. Paul (MSP) are discussed in Section 8.0 of this
document.

6.1 Inter-Airport Operational Variations

The Ad Hoc Team has prepared a separate document (ref. 4) that presents information on
airports that have parallel runway pairs. As the AILS program is evolving, and partnerships with
interested potential customers for the technology are forming, airports that are of particular
interest are being identified. Initially, the airports of interest are assumed to be Seattle-Tacoma,
San Francisco and Minneapolis-St. Paul.

The Seattle-Tacoma airport environment was selected because there is a current construction
project to complete a parallel runway spaced 2500 ft. from an existing runway. Operating
independent parallel AILS approaches to that pair could potentially be of benefit to the Seattle-
Tacoma airport operations. Also, the initial targeted closest approach for application of
independent AILS approaches is 2500 ft., a limit based on wake turbulence considerations.
From the vantage point of the Ad Hoc Team, SEA is the optimal selection for studying such an

application.

The San Francisco airport environment was selected because it was the model terminal area
where the initially proposed AILS experiment was designed. The initial plan was to study
application of a segmented approach in that terminal environment. Inasmuch as that plan was
still under consideration in the AILS Team deliberations as this report was being prepared, the
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Ad HocTeamconcludedthat it wouldbeappropriateto developa planusingthat terminalarea
model.

The Minneapolis-St.Paulairportenvironmentwasselectedbecauseit hascloseparallel
runwaysthat areapproximately3400ft. apart. Anotherbenefit is that the air trafficcontrollers
at MSPareexperiencedat operatingsimultaneousapproachesusingthe recentlyapprovedILS
PRMsystem. Someof the proceduresusedfor thisoperationaresimilarto procedures
anticipatedfor AILS approachesthere.

Table1presentsa listingof the airportsreviewedfor potentialAILStechnologyapplicationand
relatedinformationfromreference4. Includedis identificationof the parallelrunwaypair of
interest,parallelrunwaylateralspacingin feet, numberof LCpositions,and a briefcommenton
anyotherrelevantfeatureof the operationto aid inunderstanding.The informationin the table
is intendedto aid in understandingthe differencesin the operationsatthe airportsunder
deliberationasthey relateto consideringthe roleof air trafficcontrollersin theAILS process.
Thelateralspacingof the parallelpairsincludedrangesfrom 4000feet at Fort Lauderdale,FL,
to 750 feetat SanFrancisco,CA. The list includesairportswithone,two andthreeLC
positions. Theinformationpresentedin this table illustratesin moredetailthe inter-airport
variationin theterminalarea operationsthat usecloseparallelrunwayoperations.The
additionalinformationcontainedin reference4 includesthe amountof trafficoperatingat the
airportanda brief descriptionof howthe parallelrunwaypairsareusedfor landingandtake-off
operations.

Thecentralissueof this topic is the following:If the controlleris involvedindealingwithan
intrusionincident,will the resourcesbe availableto safelymeetthe requirements?Depending
on the positiondescriptionof the tower localcontroller,studyof the role incompletingthe
resolutionof an incidentin oneterminalarea maynotbeapplicableto thesolutioninanother
terminalenvironment.A primaryfactorseemsto be thedegreeof loading(in theworkload
sense)of the localcontroller.

InTable1, the numberof localcontrollersis listedas one ofthe entries. Althoughit isgood
informationto have, it hasto be interpretedinviewof the definedresponsibilitiesof the local
controller. An exampleto makethis pointcleareris foundincomparingthe SanFranciscoair
trafficcontroltowerandthe Portlandair trafficcontroltower. Theybothhavea single local
controlpositionresponsiblefor departureand arrivaltraffic to all runways. Theissueat
PortlandToweris that lowtrafficvolumeand relativelysimpleflowmanagementrequiresonly
one LC. Onthe otherhand,at the SanFranciscotower the issueis thatthe coordinationof
trafficon the twoparallelrunwaysandthe coordinatedtimingof arrivalanddeparturetrafficare
verycritical. Theuseof twolocalcontrollersis regardedas presentingsignificantcoordination
problemsand raisingsafetyissues.
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Table 1. Tower Operations at Select Airports with Close Parallel Runways

Airport

Ft. Lauderdale

Rwy
Pair

9L/R

Parallel Rwy
Spacing

4000

No. of
Tower LC

positions

Comments

(Tower Operation)
Low traffic volume

Detroit 21 R/C 3800 3 RWY 21C used for departures

Salt Lake City
Phoenix

16L-17

26UR

23UR
36UC

30L/R

10UR

4UR
21 UC

Raleigh

Memphis
Minn.-St. Paul

Portland

3700

3565

3400
3400

3380

3100

3000

2000
Kennedy

3

3

3Detroit

Primary operations on RWY 16L/R

Low visibility unusual
Low traffic volume

RWY 36C used for departures

ILS PRM Approaches RWY 30L/R
Low traffic volume

Primary operations on RWY 31 L/R

RWY 21C used for departures
Orlando 18L/R 1500 2 RWY 18L used for departures

Boston 4L/R 1500 3 1 LC Helicopter Position

Philadelphia 27L/R 1400 2 RWY 27R used for departures
St. Louis 31300

1200

30UR
17C/RDallas-Ft. Worth

LDA Approaches RWY 30L

RWY 17R used for departures

Dallas-Ft. Worth 18L/R 1200 2 RWY 18L used for departures
Pittsburgh 28C/L 1200 3 RWY 28C used for departures

Atlanta 26L/R 1000 2 RWY 26L used for departures

Atlanta 27L/R 1000 2 RWY 27R used for departures
1000

1000

Houston 14L/R

25L/R
27L/R

28L/R

3

3

1UR

Las Vegas
Oakland

San Francisco

San Francisco

1000

75O

75O

Primary RWYs 26/27

Low visibility unusual
RWY 29 used for departures

1 LC for all 4 RWYs. Normally arrivals

Normally departures

6.2 6.2 Tower Operation Procedures and Number of Local Controllers

This discussion has significant overlap with the discussion of the differences in airport terminal
areas in Section 6.1 above. The primary issue in the current section is to acquire an

appreciation of how the towers are operated in terms of staffing and task assignments. This
varies from airport to airport and depends on factors such as traffic volume, air space
constraints, and complexity of the operation.

The tower operation should be viewed as a team of controllers conducting the tasks necessary
to guide and manage traffic landing and departing from the airport. There will normally be a
supervisor who is responsible for the overall tower operation. The supervisor will be present in
the tower and will get directly involved in the resolution of any emergency event that occurs.
Clearly, from the tower operation vantage point, an aircraft crossing into the path of another,
posing a collision threat, would be treated as an emergency event. All available personnel will
come to the aid of the local controller to assist in resolving the problem.
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Secondly,there is a towerpositioncommonlyreferredto asthe cabcoordinator(CC). Thecab
coordinatoris responsiblefor providingpropercoordinationbetweenthe towercontroller
positionsandthe radarcoordinator(CI)who hasa similarresponsibilityin theTRACON.
Normally,the job of the cabcoordinatoris to maintainan overallperspectiveof thetraffic in the
towerpatternandprovidenecessarycoordinationbetweenthe controllers. In anemergency,
thecabcoordinatorwill getdirectlyinvolvedand offerassistanceto the localcontrollerin
resolvinga problem,includingcoordinationbetweenthetowerpositionsandwith the positions
in the TRACONincludingthe radarcoordinator.Thecabcoordinatorwill normallyinformthe
radarcoordinatoraboutthedeviatingaircraft(althoughtheTRACONcontrollerswill likelyhave
alreadydetectedit on their radardisplays).TheCI and CCwill coordinatea plannedrouteand
handoffof the deviatingaircraftto the appropriateTRACONpositions.

Typically,therewill beone,two, or three localcontrolpositionsin a tower. Their responsibilities
canbedividedin a numberof wayswhenthere is morethanone,dependingon the facility
plan. Usually,one LCpositionis responsiblefor trafficoperatingonor makinganapproachto
one ofthe parallelrunways,and a secondLCpositionis responsiblefor trafficapproachingor
operatingon the other runway. A third LCpositionmaybe responsiblefor trafficonor making
anapproachto a third runway.

Thenumberof localcontrollersinvolvedin thetrafficconflictand its resolutionhasa significant
impacton the event. This factorneedsto beconsideredinaddressingthe issueof the role of
the localcontrollerin resolvingconflicts. Twolocalcontrollersworkingthe problemwill require
coordination,but mightlessenthe workloadcomparedto thesameproblemmanagedbyjust
onecontroller. Table 1providesa list of theselectedairportswithcloseparallelrunwaysand
includesan entrypresentingthe numberof localcontrolpositionsin the towerat theseairports.

To date,testsat LaRChaveassumedseparatefrequencies.Simulationprocesseswould
possiblyneedto changefor environmentswherea singleLCcontrolsbothapproaches.An
applicationof AILSthattargetedanenvironmentlikeSanFranciscowouldbeanexample. It
maybe importantto considerthat ifthe two aircraftinvolvedin an intrusionincidentareon the
sameATCfrequency,they mayhavesomewarningthat an incidentis starting. Thecontroller
willpossiblybe urgingthe erringaircraftbackto its approachcourse. An alternateview is that
this ("partyline"effect)maynotbean importantissuein theAILS processinasmuchasthe
controllerswouldhavetransferredresponsibilityfor separationto the flightdeckcrew. Yet,ATC
authoritiessaythat it isdifficultto imaginethat a controller,viewingthe trafficdisplay,wouldsee
an incidentevolvingand notcommunicatewith the deviatingaircraftin anattemptto preventit
fromcrossingintothe airspaceof the paralleltraffic. Controllerdisplayresolutionis expectedto
limitthis typeof participationbythe controller.

6.3 Use of an AILS Monitor Controller

In considering the ATC activities when an intrusion incident occurs, a point that needs
clarification is whether there is a need for a final monitor controller or a similar position tailored
to the AILS process. There are a number of issues related to this question that need to be
taken into consideration. The overall conclusion of the Ad Hoc Team regarding use of a
monitor controller is summarized first in the next paragraph of this section. The subsequent
discussions in this section and its subsections document the rationale that led to the conclusion.

The Ad Hoc Team has concluded that, generally the use of a monitor position should not be a
requirement for AILS operations. However, in some very unique environments-- San Francisco
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is a primeexample--sucha positionwouldprobablybe advisable.Whenused,the roleof the
AILSmonitorwill bedefineddifferentlyfromthat of the final monitorcontrollercurrentlyusedin
simultaneousindependentapproaches,butwill includeresponsibilityfor assuringlongitudinal
separationof samestreamtraffic. This recommendationis relatedto a recommendation,to be
discussedlater,that inAILSoperations,ATCwill be responsiblefor longitudinalseparationof
aircraftfromothertrafficwithina givenstream.

Incurrentterminalarea operations,whenevertherearesimultaneousindependentILS
approachescloserthan3 miles(virtuallyall), final monitorpositionsare required,onefor each
runway. Whethera final monitorpositionshouldbe usedinAILSoperationsis a natural
questionthat requiressomedeliberation.Thejob of thefinal monitoris to observethe parallel
trafficand assumeprimaryresponsibilityfor resolvingintrusionthreatsand incidents.That
positionhasthe priorityoverrideonthe tower localcontrolcommunicationfrequency.The final
monitorpositionis locatedin the radarroomof the TRACON,not in thetower.

Thefollowingare the pointswhichappearto be factorsin makinga decisionregardingthe use
of an monitorpositionin the AILSprocess.

With AILS Monitor Position No AILS Monitor Position

1. Relieves LC workload

2. High safety
3. Increased frequency congestion
4. Increased staffing requirements
5 Increased equipment and maintenance
6. Possibly necessary for SFO where

tower controller handles departures
7. AILS monitor task definition different

from existing FM's
No lateral monitoring task- No NTZ

AILS alerts on the ground side
Participates in incident resolution
only

1. Higher workload for local controller
2. LC workload could raise safety questions
3. No frequency override by monitor position
4. Lower staffing requirement
5. Less equipment and maintenance
6. Probably applicable where two local

controller position environments exist
7. Local controller intervenes after initial

incident resolution. Increased LC
workload.

There are some related points to consider in addressing the issue of whether a monitor
controller is needed in an AILS application. Sections 6.3.1 - 6.3.3 along with their subsections
address some of these points.

6.3.1 Longitudinal Separation Responsibility Issue
The issue of responsibility for longitudinal separation between aircraft on approach in the same
stream during an AILS operations has been highlighted. Should this be an ATC function or a
flight deck function? The Ad Hoc Team has concluded that it should be an ATC function in the
AILS process. The rationale for this conclusion is presented in the following paragraphs.

6.3.1.1. The final monitor controller, used for all simultaneous independent ILS
approaches, normally has the responsibility for longitudinal separation once the traffic is
switched to the tower local controller frequency. The final monitor or tower local control,
depending on the protocols of the particular terminal area can give speed adjustments
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to aircraftoperatingin theflow, upto thefinal approachfix (FAF). Insidethe FAF,the
final monitor(or localcontroller)canadvisethe aircraftof the speedcausinga
separationproblembutmaynot issuespeedadjustmentinstructions.If a violationof
separationstandardsappearsimminent,thefinal monitor(or localcontroller)hasthe
optionto issuebreakoutinstructionsto the problematicaircraft. Someofthe specificsof
thisprocessas discussedin this paragraphareoptionsof the particularterminalarea.
For example,whetherthe localcontrolleror thefinal monitorwill be responsiblefor
longitudinalseparationmayvaryfromterminalareato terminalarea.

6.3.1.2. A questionof whethertheflightdeckcrewcanacceptthe responsibilityfor
longitudinalseparationfrom leadingtraffic in the samestreamis raised. Howcan this
beaccomplished?Shouldtherebespecializeddisplaysand alertsto supportthis task
requirement?Reference5 maybeof interestinprovidingflightdeckaidsto conduct
sucha task. Thebottomline is that thecurrentAILSprocessdoesnot include
proceduresand equipmentincludingdisplaysto supporttheflightdeckcrew in
maintaininglongitudinalseparation.On thesurface,thisdoes notappearto be an
unsolvableproblem;however,a methodhasnotbeendevelopedandvalidatedto date.

FromtheATCvantagepoint,thefollowingis an issue: Incurrent IFRoperationswhenATC is
directlyresponsiblefor separationduringthe entireapproach,the requirementis thattrafficbe
maintainedat approvedseparationstandards,which includesa minimum3 milesin-planeor
1000ft. altitudeseparation.Actual in-planeminimumseparationrequirementsdependupon
aircrafttypes involvedandwaketurbulenceseparationstandards. If the standardseparationis
violatedthena reportableincidenthasoccurredanddisciplinaryactionmaybe takenagainst
thecontroller. As pointedoutearlier,the final monitorassuresthat separationstandardsare
maintainedby applyingvariouscontroltechniquesto trafficpriorto any lossof separation.

6.3.2 Issues of Controller Responsibility for Longitudinal Separation
The question under consideration in this section is the following: In an AILS environment, can
controllers maintain responsibility for longitudinal separation of traffic in the same stream, while
responsibility for lateral separation between traffic operating in parallel streams is handed off to

the flight deck crews involved. Some of the considerations are discussed below.

6.3.2.1. For independent straight-in approaches, longitudinal separation of traffic in a
given stream is independent of the separation from traffic operating on an adjacent
runway. However, for segmented AILS approaches the problem is more complicated.
At SFO traffic is expected to be paired and staggered, consequently not independent of
the other stream.

6.3.2.2. In current single-stream ILS approach operations, the longitudinal spacing
between aircraft is largely dependent on the approach speeds of successive aircraft in
the same stream. Spacing is managed by a controller using speed advisories (for
example: "maintain one seven zero knots to the final approach fix"). Once inside the

final approach fix (FAF), aircraft adjust to their final approach speed, which is different
for various aircraft. The controller has to be aware of these speed adjustments and

advise the flight deck crew if their aircraft is overtaking the leading aircraft in the same
stream. At most airports there will be one controller managing only a single stream of
traffic to a particular runway. If this same paradigm were to be used in AILS operations,
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noadditionalworkloadabovewhata localcontrolleris normallyusedto wouldbe
implied.

6.3.2.3. Withthe abovedetailsin mind,ingeneral,thereappearsto be noadditional
workloadfor the controllerresponsiblefor a singlestreamof trafficto maintain
responsibilityfor longitudinalspacingbetweenaircrafton the final approach.San
FranciscoAirportis recognizedasan exceptionsincea singlelocalcontrolleris
responsiblefor traffic in thetwo parallelstreamsduringVFRconditions.Theflightcrews
maintainboth longitudinaland lateralseparationinVMC(technicallyIFRvisual
approachesare flownintoSFO). Onlysinglestreamsof trafficare flownintoSFOin
currentIMCoperations. AILScouldrequirethe ATCsystemmanagelongitudinal
separationfor two streamsof traffic. An unassistedsingle localcontrollermanaging
longitudinalseparationoftwo streamsoftrafficwouldraiseadditionalworkloadissues
for analreadybusyLCposition.(Seesection8.2and appendixE for additionaldetails.)

6.3.2.4. A plausibleparadigmisthat responsibilityfor separationbetweentraffic
operatingon adjacentrunwayscanbe handedoff to the flightdeckcrewas invisual
approaches,but responsibilityfor separationbetweentraffic ina givenlongitudinal
streamcanbemaintainedbythe air traffic controllers. If there is a longitudinalin-trail
threatorviolation,air traffic controlwill manageit. If there isa lateralthreator violation
fromtrafficnominallyoperatingon the parallelapproachthe flightdeckcrewwithan
AILSsystemwill be requiredto manageit. Therewill be no longitudinalconstraint
betweenaircraftoperatingin adjacentstreams. This laststatementmaynotbe a pure
conditionandsomerelatedissueswill be raisedlater. These issuesrelateto
requirementsto pair aircraftin thestreamsto makeholesto facilitatedepartures.The
pairingandstaggeringalso hasan additionalbenefitthat needsto be understoodasthe
AILSprocessis tailoredfor particularterminalareas.

6.3.2.5. Thegoalof the AILSresearchis to enableapproachesto closelyspaced
parallelrunwaysin IMCwitha capacitysimilarto that obtainedinVMC. Theproposed
methodologyrequiringATC managementof longitudinalseparationof in-streamtraffic
givesupanysinglestreamcapacitygainsnormallyrealizedina VFRoperationover the
capacityof an IFRoperationof a singlestream. Thelongitudinalspacingprovidedby
ATCwill beaccordingto currentlongitudinalspacingstandardsbasedonwake
turbulenceconsiderations.Thegainrealizedfrom AILSwill resultfromthe useof both
closelyspacedparallelrunwaysduringIFRconditions.Otherelementsof the NASA
TerminalAreaProductivityactivity(seeappendixA) addresswakevortexissuesand
useof on boardautomationincombinationwithgroundbasedautomationto avoid
capacitylossesboughtonby increasedlongitudinalspacingrequirementsin IMC.

6.3.2.6. The recommendationofthe Ad HocTeamfor the SFOsituation,wherea single
localcontrolleris responsiblefor the trafficonthe approachto two runwaysis the
following. A speciallydefinedAILS monitorposition,similarto thefinal monitorposition,
whoseresponsibilitywill includeassuringthe longitudinalspacingof aircraftonthe
approachcouldbe used. As mentionedearlier,the longitudinalspacingtask is
frequentlythe responsibilityof final monitorcontrollersin parallelrunwayoperations.
Thisrequirementto leavethe longitudinalspacingbetweenaircraftin astreamasan
ATCresponsibilityaddsadditionalweightto the argumentthat anAILSmonitorshould
be requiredfor AILSoperationsinSFO. Whetherthe AILSmonitormaybe
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recommendedfor use inotherproposedAILS applicationswillbedeterminedby
examiningthe detailsof the particularairportoperation.Note: At SFOthearrival-final
controllersets up trafficon finalwith5 milesbetweenaircraftduringbothVFRand IFR
conditionsto accommodatedepartures.

6.3.3. Issues Related to Transferring the Responsibility for Same Stream

Spacing to the Flight Deck Crew
One possibility that was considered by the Ad Hoc Team is that the flight deck crew will be
responsible for longitudinal separation from traffic in the same stream, this is the protocol
followed in visual approaches. The Ad Hoc Team has decided against making such a
recommendation, in favor of the ATC system having the responsibility. However, it is
appropriate to document the points that surfaced in the deliberations.

The question under this alternate paradigm is whether the flight deck crew can perform this task
in addition to the other requirements of the approach operation in an AILS environment. The
considerations are outlined below.

6.3.3.1. In current VFR close parallel runway operations, the flight deck crew has the
responsibility to manage longitudinal spacing behind leading aircraft visually through
out-of-the-window viewing. The discretionary latitude that the flight deck crew takes in
this process usually increases the runway capacity in a given stream because the pilots
are generally less conservative in their spacing than the wake-turbulence based
standards used by ATC. Also, having their traffic in view, pilots use other techniques to
avoid wake turbulence from aircraft they are following. For example, they may attempt
to fly above the path of the leading aircraft. There have been concerns raised that pilots
may not always do this accurately in VMC. There is no information presented in the
flight deck displays designed to assist pilots in accomplishing this task in VMC or in IMC.

6.3.3.2. The present AILS research display formats do not allow an adequate viewing
distance ahead to continuously see the leading aircraft if the display range selections
currently advocated for AILS monitoring of traffic on adjacent runways is utilized. At
LaRC where 2500 ft. laterally spaced parallel runways have been studied, two display
ranges were used, a 2 mile range and a 10 mile range. These ranges represent the
total field of view of the display from the bottom edge of the map and traffic display to its
top edge (or equivalently, from the left edge of the display screen to its right edge). A
significant outcome of the experiment was that performance in the emergency escape
maneuver (EEM) was not dependent on the display range or scale factor used when
these two values were tested. However, the pilots who were the subjects of the tests
indicated a significant preference for the 2 mile display format where they could resolve
relevant lateral displacement of traffic on the parallel approach. The AILS Team has

continued to pursue use of the higher resolution, low field of view display formats. This
format offers the advantage of displaying information to support determining how well
the emergency escape maneuver is working and to make timely adjustments where
appropriate. It does not support the viewing of in-stream longitudinal traffic.

6.3.3.3. Giving the flight deck crew the responsibility to manage the longitudinal spacing
will require that procedures and tools to manage that spacing be provided. Viewing the
traffic on a map display presented along with the parallel traffic presents a dilemma.
The requirement to monitor the adjacent traffic demands a display that will allow
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resolutionof significantdeviations(250ft., bestapproximation)whenparallelapproach
pathsare laterallyseparatedby2500feet. This informationis displayedona 6 1,4inch
by 6 1,4inchviewingscreenroughly30 inchesfromthe pilot'seyes. The 10milescaling
usedin someof the AILStestingtranslatesto 1.6 mile/inch,whichimpliesthe 250ft. on
thedisplaywill be representedby0.026inches. Onethousandfeet is equivalentto 1/10
inch.Thisdisplayformatdoes notsupportmodifyingandadjustingevasiveactionsto
assureseparationincloseoperations. Itwill supportviewingof leadingtraffic fiveto
sevenmilesaheadof the ownaircraft. The2 miledisplayformat,favoredin the AILS
testing,will provide5 timesthedisplayresolution,representing250ft. as 0.11inches.
However,it will notallowviewingtrafficmorethanabouta mileand a half ahead.

6.3.3.4. TheAd HocTeamrecommendsthatthe responsibilityfor separationfrom
trafficon the parallelapproachshouldbegivento the flightdeckcrew. Responsibility
for in-trailseparationina givenlongitudinalstreamshouldbean ATCfunctionin the
AILSprocess.

6.4 Controller Requirements to Resume Responsibility for Separation

It is not a trivial matter for the controller to accept control of the aircraft and responsibility for

separation at any point in time that the flight deck crew requests ATC control and vectoring.
This becomes apparent in examining the proposed process to be followed after completing an
emergency escape maneuver. The particular issue is the following. Under what circumstance
can the controller legitimately accept responsibility for separation of the aircraft involved? The
controller must have the resources to resume control of the situation. ATC must be ready to
accept the additional workload and have an adequate view of the situation to make safe and
accurate decisions. What are the requirements? Controller display resolution, and the relative
positions and headings of the two aircraft are key considerations.

A primary consideration is that when the controller is requested to accept responsibility for
separation, the appropriate tools must be available to support execution of the necessary tasks.
Specifically, the radar display used by the controller should allow clear resolution of the aircraft
targets to be controlled, that is, they should not be touching. When this is the case, the
controller will be able to assign headings to the aircraft putting them on diverging courses if they
are not already diverging.

Figure 10 illustrates the appearance of symbols on the controller's display. As the figure
indicates, the width of the target covers a 1/2-mile area of the display. This scaled size of the
aircraft symbols is maintained as the selected display scaling is changed. Figure 11 illustrates
a number of possible display conditions of two target aircraft operating in close proximity and
illustrates some situations where they may not be judged acceptable for the controller to
assume separation responsibility. If there is not 1000-ft. altitude separation indicated in the
targets data tag and the targets are touching, the controller is required to advise the aircraft
requesting instructions that the targets are merged. The controller can not accept responsibility
or issue instructions in that situation until there is resolution between the targets.

The AILS procedures and supporting avionics in the flight deck should provide the capability for
the pilot of the evading aircraft to gain appropriate separation from traffic to permit the controller

to assume ATC responsibility. The information necessary to generate a visual or aural signal in
the flight deck indicating adequate separation or diverging flight paths is similar to that which
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theAILS algorithmsuseto generateatrafficalert. This impliesthat it is possibleto compute
informationto tell the pilotswhenseparationis adequateto expectATC help.

The measurementaccuracyof the ARTSand air trafficcontrolradarbeaconsystem(ATCRBS)
was reportedin reference6. ThedatasummarizedinTable2 isbasedon the information
providedthere. Theentriesin thetableof particularinterestarethe rangeandazimutherrors.
TheARTSequipmentis the olderand leastaccurate,thereforeit representstheworstcase.
Themeasuredazimutherrorof 0.16degreesstandarddeviation(s.d.)is interpretedto mean
that at 20 nauticalmiles1.0s.d.error is0.058nauticalmilesand3.3 s.d. (bounding99.9%of all
measurements)is 0.18nauticalmiles. At 10nauticalmiles3.3 s.d.azimutherror is0.09
nauticalmiles. Accordingto this rationale,atargetsizeof 0.5 nauticalmiles(0.25nauticalmile
halfwidth) isconservative.Withthe newerequipmentcomingon line (SSRmodeof modeS
listedin the table),havinga measuredaccuracyreportedin reference6 (0.04degreesazimuth
error)four timesbetterthan theolderequipment,somereviewof the 0.5 nauticalmiletarget
sizemightbe in order. This is theextentof thedatausedbythe teamand is includedhereto
presentthe readerwithas muchinformationaswasavailableto theAd HocTeamin its
deliberations.

Table 2. - Surveillance Radar Performance

Blip/scan

No altitude

No code

Range error (1 s.d.)

Azimuth error (1 s.d.)

ALL

94.6 %

2.7%

1.5 %

124 ft.

0.16 deg.

ARTS

Crossing

86.9 %

8.3%

7.4%

SSR Mode of Mode S

ALL

98.0 %

1.4%

0.7%

24 ft.

0.04 deg

Crossing

96.6%

3.0%

3.0%

Blip/Scan Ratio - the probability of generating a target report during one scan.

No Altitude - the percentage of Mode C reports that did not contain a valid altitude.

No Code - the percentage of Mode A reports that did not contain a valid code.

Range Error- the standard deviation from a second order polynomial fit to a sliding
sequence of range measurement points centered on the report being evaluated.
The error is calculated only for established straight-line tracks at elevation angles
between 0.5 and 40 degrees and at ranges between 2 and 45 miles.

Azimuth Error - same as range error, but in the azimuth dimension.
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Basedon this information,the 1/2-nautical-miletargetsizemaybeconservative.A
considerationis that thereareotherfactorsthat maycontributeto thetotal error. Nofactoris
includedin the abovediscussionfor signaldropout,the blip/scanratioin table 2, otherthan
perhapsthe conservatismofthe targetsizeandthe applicationcriteriadiscussedabove.
Additionaldetailsare includedin Reference6. TheAd HocTeammakesnospecific
recommendationsin this areaotherthana suggestionfor reviewof thisareaby appropriately
knowledgeableexpertson the subject.

7.0 Alerting Information for the Controller

This section is intended to recognize the issues that some individuals interested in the evolving
AILS technology have raised. They advise that the best available information should be
provided at the controller station. If the DGPS information providing aircraft position measures
with accuracy of a few meters is available for use in the flight deck, why should it not also be
presented at the controller's station? Also, if AILS alerts are generated in the flight deck, that
information should be presented at the ATC stations involved in AILS operations.

The Ad hoc Team has not explored this issue in any great detail. The guiding principle for the

team has been that the AILS concept depends on flight deck technology to protect against lost
of separation. The anticipated role of ATC is to manage the recovery after separation has been
ascertained. However, if economically acceptable displays and information quality
improvements can be provided at ATC stations using the same technology, it seems
reasonable to move in that direction. Yet there have been no requirements incorporated in the
AILS concept for improved technology at the ATC station to successfully conduct AILS
operations. Any improvements in the ATC displays and provisions for presenting the AILS
alerts are regarded by the Ad Hoc Team as nice-to-have features and not as requirements.

Given recommendations that air traffic controllers involved with the flight should be notified if an
AILS alert is presented in the flight deck, the following is a consideration. If there is an AILS
monitor position, that position should be alerted as well as the local controller and the final

controller. Initial comments by knowledgeable individuals involved in the development process
have suggest the following mechanisms by which the alerts could be issued:

- The crew of the evading aircraft informs the controller via voice radio.
- ADS-B or other data link transmits information bits from the aircraft to the ground

when a flight deck alert is issued.
- Ground equipment independently computes alerting algorithm using ADS-B

information from aircraft.

At the time of this reporting, the specifics of informing the controllers of an AILS alert have not
been explored in any detail. The Ad Hoc Team is therefore not making a recommendation on
this issue.

As a final point in this topic, the Team cautions against a pitfall already uncovered in the PRM
research and development. A significant finding there was that even if ATC can detect
conflicts, timely communication with flight crews to get the problem resolved is a limiting factor.
Therefore AILS developers should be careful not to place requirements on the ground-based
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ATCoperationsthat mightproveto be technicallyinfeasibleand notnecessaryfor the
effectivenessof theconcept.

8.0 Suggested AILS ATC Simulation Experiments

In this section and Appendix D through F the Ad Hoc Team has attempted to design
experiments that could be conducted to study, from an ATC perspective, parallel approaches in

airspace models of three different terminal areas. The three terminals selected are Seattle-
Tacoma, San Francisco, and Minneapolis-St. Paul. The reasons for these selections are briefly
stated in Section 6.1. The actual experiment definitions are presented in the appendices of this
document in significant detail. One of the hopes of the Ad Hoc Team in developing these three
example experiments is that the process and discussions will highlight the significance of the
particular features of the terminal area in shaping the format of an AILS application.

The selection of three terminal areas to design example experiments reflects the view of the Ad
Hoc Team that an implementation of AILS in any given terminal area would need to be tailored
to the specific details of that airspace. Particular issues would need to be addressed that might
not be applicable the other airspace environments. The experiments described address
airspace environments that have high interest because of capacity issues and dependence on

parallel runway operations as a part of their solutions. Yet, the ATC operations at the airports
are quite different and present different issues in considering application of AILS technology.

Also under consideration when deciding to present three example experiments was the fact that
at the time of the initial drafting of this report, which was widely distributed for comment, a
decision had not been made. It was not clear which environment might be the target of
additional NASA investigation or demonstrations. San Francisco, Seattle-Tacoma and
Minneapolis-St. Paul were at the forefront of discussions.

8.1 Straight-in AILS Approaches in a Seattle-Tacoma Terminal Airspace Model

Appendix D presents an experiment plan for a simulation test of straight-in AILS approaches in

a model of the Seattle-Tacoma terminal area. A full discussion of the assumptions and
experiment plan is provided. The experiment plan includes a subjective evaluation form,
Appendix G, to be completed by the controller test subjects. It also includes test incident
scenarios to be used in the study. These scenarios assume that the intrusion incident would be
staged using pre-recorded data as in previous AILS simulation experiments, and that final
resolution of the incident by the controllers will involve issuing instructions to guide the flights
along routes described in the incident scenarios, once separation responsibility is accepted.
The designed scenarios include the assumption that the flights will continue two to three
minutes beyond the start of the intrusion incident, until the erring aircraft are integrated back
into the approach streams.

Figure 12 illustrates the assumed nominal traffic flow pattern in the SEA terminal area. Figures

13 through 16 present four suggested incident scenarios for use in the tests.

8.2 Segmented AILS Approaches in a San Francisco Terminal Airspace Model

Appendix E presents a plan for simulation testing of the AILS process in a model of the San
Francisco terminal area. Suggested scenario details are also included. Figure 17 shows the

3O



generaltraffic flowpatternassumedfor the SFOterminalareausinga segmentedAILS
approach. Figures18through23 illustratesuggestedincidentscenariosfor usewith that traffic
model.

This is theterminalareafor whicha segmentedAILSapproachis beingconsidered.The
parallelrunwaypair, 28Land 28Rare laterallyspaced750ft. apart. InVMCoperationswhere
both runwaysareusedfor simultaneousapproaches,the aircrafton the two runwaysare paired
andthe flightcrewsareclearedto makevisualapproaches.The reasonfor the pairingis that
at leasta 5-milegap is neededbetweenlandingson the runwaypairto allowdepartureson the
two runways1Land 1Rwhichcrossthe 28L/28Rpair at 90-degreeangles. Therefore,a pairof
aircraftwill landapproximatelysimultaneouslyon runways28L and28R,thenduringthegap,
aircraftwillbe releasedto departon runways1Land 1R. Then,the nextpairwill landon
runways28L and28R. The attemptis to keepthe pairedtraffictogetherto makethe process
efficient.

Becausethere isan issueof meetingrequirementsforvisualapproacheswhenthe AILS
portionof thesegmentedapproachis ended,the Ad HocTeamrecommendsthatthe trafficbe
pairedandstaggeredfor the segmentedAILS approach.Pairingwill alsobe neededto achieve
efficiencyin managingthe departures.Theintentwill beto maintaintheaircrafton the
segmentedapproachin a relativepositionbehindthe aircrafton the straight-inapproach.This
willput the aircrafton the straight-inapproachin the forwardfieldof view of the aircraftmaking
thesegmentedapproachwhenit entersvisualconditions,facilitatingvisualacquisitionof the
trafficon the straight-inapproach.Therequirementfor thetrailingaircraftto continueonthe
segmentedapproachas its lateralspacingfromthe adjacentapproachpathclosesto lessthan
2500ft. will bethat the crewseesthe trafficonthe adjacentapproach.The pointwherethe
approachpathscloseto 2500ft. is the missedapproachpoint. Ifvisualacquisitionhasnot
occurredwhenthe trailingaircraftreachesthat point,that aircraftis requiredto executea
missedapproach.

8.3 Straight-in AILS Approaches in a Minneapolis-St. Paul Terminal Airspace Model

Appendix F presents a plan for testing of the AILS process in a model of the Minneapolis-St.
Paul terminal area. The traffic flow pattern assumed for the MSP terminal area is illustrated in
figure 24. Suggested scenarios are also included for the test, figures 25 through 28.

A significant feature of this plan is that it is patterned after the ILS PRM process currently
approved for MSP and does not represent a purely independent parallel approach process. In
order to manage the departure traffic efficiently, the controllers generally pair the traffic on the
approaches to the two runways. This is not a requirement, although it is the normal practice
because it provides a more efficient operation. An in-trail interval of at least 5 miles for both of
the parallel approach streams is required to provide adequate spacing for departures.

An additional factor further explains of why the pairing is done. When the traffic volume is low,

PRM is not required and dependent approaches are used. In that event, the two aircraft are
staggered according to separation standards. Maintaining the aircraft in pairs makes it easier to
set up the stagger in dependent streams. Having them paired in both the dependent operations
and the ILS PRM operation simplifies transitions between the two modes of operation. The
controllers set up the pairs in the feeder and final airspace and either stagger one longitudinally
behind the other (dependent operations) or allow them to continue paired, side by side, during
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the ILS PRMoperation. Inspiteof the pairing,it is emphasizedthat the PRMapproachesat
MSParesimultaneousindependentILSPRMapproaches.

An importantaspectofthe abovediscussionis that the MSPoperationprovidesanadditional
precedencefor usingpairingand staggeringin thesegmentedAILSapproachconcept. This
informationis highlightedherealongwith the descriptionsgivenof the pairingandstaggering
currentlyusedin LDAoperationsat STL,andformerlyusedat SFO(seesections4.01and
4.02). Theseexistingapplicationsformthe basisfor justifyingthe recommendationsof theAd
HocTeamto usepairingand staggeringin thesegmentedAILSapproachconcept.

9.0 Recommendations for ATC Operations in the Planned Simulation Study

Appendix B presents a table that summarizes the deliberation of the Ad Hoc Team related to
conducting simulation studies of the AILS ATC activities. The table details experiment
objectives including different levels of simulation, cost and time factors, and facilities that may
be capable of conducting the planned simulation. The table also depicts expected benefits
derived from the simulation, a relative rating of the simulation objectives, and pertinent
comments with a numerical ranking of the simulation levels deemed to have the most realistic
chance of success considering cost and time (first choice, second choice, etc.).

The first simulation level, row one, represents a complete full up simulation with all relevant
positions staffed by qualified air traffic controllers. The positions listed for the full up simulation
in the first row, column one are feeder controller, final controller, tower local controller (LC),

tower coordinator (CC), and TRACON coordinator (CI). Column two presents an estimate of
the number of personnel directly participating in the simulation and a rating of the relative cost

factor. As shown in row one, column two, the "high" entry reflects the Ad Hoc Team's belief
that this would be a very costly way to conduct the experiment. The time factor rates the Ad
Hoc Team's estimate of the time required setting up and conducting an experiment under the
conditions of the particular row relative to the assessment made for the other rows of the table.
Column three lists known facilities that may have the capability of conducting that simulation.
Next, the Ad Hoc Team analyzed the benefits that may be derived from each level of simulation
and assigned a relative rating to each one in the column labeled "Benefits."

Seven experiment objectives are listed at the bottom of the table for reference. The columns
titled "Objectives" labeled "1" through "7", refer to these objectives respectively. The entries in
these columns (H, M, and L) are an estimate of the (high, medium of low) contribution toward
meeting these objectives for the simulation level in the particular row. The last column gives

pertinent comments and, where applicable, the Ad Hoc Team's ranked choice of the various
levels of simulation. The choices, one through five and a fall back position, represent the Ad
Hoc Team's assessment of the most practical and realistic level of simulation. The fifth choice
and fallback position would not involve qualified air traffic controllers, only pseudo controllers.
The first choice is simulation level four. The view of the Ad Hoc Team is that this choice would

provide data on the critical controller positions in the process while also providing a realistic
simulation environment in support of the flight deck experiment. The simulation requires two
tower local controllers and a TRACON final controller. All the other controller positions will be
simulated through software or by a pseudo controller. The Ad Hoc Team expects all objectives
of the experiment can be fully realized by using this level of simulation. The second through
fourth choices represent options with fewer positions fully simulated, and therefore provide
lower benefits than the first choice. Clearly, fewer resources will be required to conduct the
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experimentin thesemodes. Thefifthchoiceandthe fall backchoicewouldadequatelysupport
theflightdecksimulationbutwouldnotprovideanyATCprocessevaluation.
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Appendix A

11.0 AILS from The Flight Deck Perspective

Airborne Information for Lateral Spacing is an effort within the Reduced Spacing Operations

(RSO) element of the Terminal Area Productivity (TAP) program at NASA. The objective of the
AILS research being conducted at the Langley Research Center (LaRC) and at the Ames
Research Center (ARC) is to enable approaches to close parallel runways in IMC with a
capacity similar to that obtained in VMC. This research is examining options to enable airborne
flight deck crew responsibility for aircraft separation during close parallel runway approaches.
The initial focus of the NASA work has been on independent straight-in parallel runway
approaches with intentions of investigating segmented and paired staggered approach
concepts as time and resources permit.

Within the TAP program element, LaRC and ARC have planned a number of studies to address
the problem, with LaRC taking the lead in this activity. A concept design team was assembled
to address the problem. The team at LaRC designed an initial concept after concluding that the

problem of flying parallel approaches has two major components. The first is to provide
accurate navigation and flight path management for aircraft on the close parallel runway

approach paths and to provide alerts to help keep intrusions from occurring. The second is to
provide adequate protection for aircraft should one aircraft deviate from its assigned airspace in
a manner that threatens another aircraft on a parallel runway approach path. The research at
ARC has focused on providing TCAS like display guidance during collision avoidance
maneuvers. The AILS work to date has addressed parallel pairs as opposed to parallel triplets
or quadruplets, since examining pairs presents a simpler, yet significant payoff potential.

Figure 5 illustrates technology that could potentially be used to implement the concept. DGPS
provides the basis for the accurate navigation required to make the approach, while ADS-B,
currently under development, will enable aircraft to broadcast their position and other state
information such as track, and rate of turn. The other aircraft will receive the transmitted
information and maintain an accurate fix on aircraft operating on a parallel approach. The

transmitted state information will provide an indication of whether the traffic is operating
normally, has become a threat, or is headed back to its nominal path after an inconsequential
deviation.

As mentioned above, the AILS concept focuses on two aspects of the problem. One aspect is
to provide accurate navigation to keep aircraft in their own assigned airspace along the
approach paths and keep aircraft from threatening others. LaRC engineers are investigating
whether the conventional Iocalizer path can be replaced (in AILS applications) with capabilities
such as using DGPS to provide parallel approach paths where there is less potential for path
overlap. Figure 6a illustrates a modified Iocalizer path designed for use in AILS approaches.
This Iocalizer path format was used in the two studies conducted at NASA Langley in 1996.
Under this concept, in the area of "localizer" capture, the two-dot deviation is 2000 ft. on either

side of the extended runway centerline. Also, as is normal for parallel runway operations, the
approach paths are separated by 1000-ft. altitude during Iocalizer capture. At about 12 miles
from the runway threshold, the path width begins to taper down to 500 ft. (400 ft. in some
applications) on either side of the extended runway centerline at 10 miles. After the 500-foot
half-width area is entered, the higher aircraft starts to descend and altitude separation is given
up. The 500-foot half width of the path is held from that point to a location near the middle
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markerwherea conventionalIocalizerangularbeamshapeandwidtharecaptured(using
DGPSto emulatetheconventionalIocalizersignal).

A moreconventionallyconfiguredangular-shapedIocalizerbeamderivedfrom DGPSsignalsis
also underconsiderationandwasusedin NASAstudiesconductedin1999. Inthesestudies
thecenterlinesof DGPS-basedconventionally-shapedIocalizerbeamswereskewed
approximately2.0degreesawayfromthe parallelapproachdirection,inoppositedirections,to
avoidthe overlappingairspace(seefig. 6b). Thisdesignis moreconsistentwithplanneduseof
DGPSin ILSIocalizerlook-alikeimplementationscurrentlyunderdevelopment.

An alertingfeaturehasalso beenincorporatedin theconceptto preventaircraftfrom straying
fromtheir prescribedairspace. Figure7 showsthe primaryflightdisplay(PFD)andthe
navigationdisplay(ND)usedin onesimulationstudycompletedat LaRCin 1996as they
appearedduringnominalAILSapproaches.TheAILSspecificinformationis labeled. Should
anaircraftdeviateonedot or morefrom its nominalpath,a cautionor leveltwo alert (reference
7) is issuedto the deviatingaircraft. Thedisplayedinformationispresentedinamber
alphanumericandsymbolicformats(figure8) in the primaryflightdisplayand in the navigation
display,to warnthe flightdeckcrewto maintaina tighterpathadherence. Shouldan aircraft
deviatetwo dotsor morefromthe prescribedpath,a levelthreealertis issuedusingredcolors
for thedisplayedinformation,requiringanemergencyescapemaneuver(EEM)in thedirection
awayfromthe paralleltraffic. Intheversionof the LaRCconceptimplementedfor the second
phaseof testing,dependingon theseverityof thesituation,leveltwo or levelthreealertsare
also usedto preventoneaircraftfromthreateninganotherwithexcessivebankanglesor tracks.
ThecurrentLaRCconceptrequiresuseof a single,identicalEEMfor all parallelapproach
deviations.Theaircraftrequiredto abandonthe approachmustexecutean emergencyescape
maneuverconsistingof a turningclimbto a heading45degreesawayfromthe nominalrunway
heading,in thedirectionawayfromthe parallelapproachtraffic. A headingbug is
automaticallyset to the (45-degree)escapeheadingwhenthe alertingalgorithmsarearmedin
theapproachsequence. Note: Thedegreeof turn mayhaveto bemodifiedin the caseof
segmentedapproachesor airspacerestrictionsat certainairports. Also, flight-director-
command-barescapeguidancewasused inthe secondof thetwo studiesconductedin 1996
butwas not implementedin the1999studies.

Thesecondaspectof the LaRCversionof the AILSconceptaddressesproceduresto avoid
collisionsand nearmissesin the eventone aircraftstraysfrom its airspaceand approachesthe
pathof anotherina threateningmanner. Anonboardalertingalgorithmwill usestate
informationfromtrafficon the parallelapproachpath,transmittedby theADS-Blink,to detect
threateningaircraftandprovidean onboardalertto theflightdeckcrewof thethreatened
aircraft. Thealert is againpresentedin the primaryflightdisplayandthe navigationdisplay. A
cautionis presentedin amberasthe alertingsystemfirst detectsthethreatas it startsto
evolve. As thedangerbecomesimminentbasedon the computationsassociatedwiththe
alertingalgorithms,a red (levelthree)alert is issuedin the flightdeckof the protectedaircraft.
Inthe concept,the red levelthreealert (figure9), requiresthe flightdeckcrewto executethe
emergencyescapemaneuver. Againthis isan immediate,accelerating,climbingturn away
fromthe approachingtrafficandparallelrunwayto a headingof 45 degreesfromthe nominal
runwayheading. Theversionof the conceptunderstudyat LaRCdisplaysinformationin the
primaryflightdisplayand in the navigationdisplay. A computercontrolledvoice message
complementsthe displayedinformationwitha "Climb,turn, climbturn." auraladvisorywhenthe
levelthreealert is activated.
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Theconceptdesignteamat LaRCcompleteda fixedbasesimulationtestof the initialconcept
in May1996. Inthe test,sixteenpilots eachflew56 parallelapproaches,with aboutonethirdof
thecasespresentingcollisionor near missthreats. Thetest subjectswere linepilotsfroma
numberof airlinesand airfreightcompanies.Theyweretrainedfor the task, ina mannersimilar
to theway they aretrainedand testedfor rejectedtakeoffs(RTOs)andcategoryIIapproaches.
Thereactiontime ofthe pilots inexecutingtheturningmaneuverandtheclosestapproachwere
keyparametersmeasuredin thesetests. Parallelapproachesspaced3400ft. and 2500ft.
apartwereexaminedin the initialstudy. Thetest findingsshowthat all of the pilotreaction
timeswerewell underthe two secondstargetedby the NASAdesignteam,andthat notrials
resultedinviolationsof the 500 ft. minimalseparationsusedfor definingnear missesin the
parallelrunwayapproachenvironment.The meanmissdistancemeasuredwas in accessof
1900ft.,withthe closestencounterat 1183feet.

A secondphaseof testingwascompletedinJuly 1996,at LaRC. Thefollow-uptests included
newalertingalgorithmsandmodificationsto the displaysbasedon observationsand pilot
commentsfromearliertests. Runwaylateralspacingwas reducedto 1700ft. and 1200feet.
Eight,two-memberairlinecrewsweretestedin the secondphase. Theresultswerevery
promisingforthe 1700-ft.runwayseparation,withnoencounterscloserthan thetargeted
minimum500ft. misscriteria. The 1200ft. case resultedinoneencountercloserthan the500
ft. twodimensionalnearmissedcriterionused,and is regardedas marginalbythe designteam
whenthe currentexperimentalAILStechnologyis used.

Thestudyat ARCwascompletedin August1996,andexploredapplicationof TCASconcepts
to the closelyspacedparallelrunwayapproachproblem. Thisstudyshowedthat a display
basedon the TCASformats,butenhancedwitha higherresolutionnavigationdisplayand
speciallydesignedalertingalgorithms,resultedin betterperformancethanthe TCAS
implementationusingaconventionalnavigationdisplayformat. Theperformancewiththe
enhanceddisplayfeaturesandalertingalgorithmsresultedin nonear missesandgoodpilot
evaluations.Thestudyat ARC investigatedan auto-pilotcoupledapproach,incontrastwiththe
manualmodeusedin the LaRCstudies,andaddressedthe 4300ft. and 2500ft. runway
spacingcases.

In interpretingthese resultsit is importantto realizethat theyshowthe feasibilityof theAILS
conceptin initialtesting ina researchsimulatorenvironment.A significantamountof additional
testingandvalidationis requiredbeforea conceptof this naturecouldbe implementedin the
nationalairspacesystem. Amongthe issuesthat mustbe resolvedor managedarethe effects
of waketurbulenceconsiderations.

3O



12.0

Appendix B

ATC Experiment Options and Down Selection Recommendations
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Appendix C

13.0 ATC Procedures and Phraseology

13.1 Independent Straight-in AILS Approaches (See figure 2)

1. Automated radar handoff of aircraft from feeder controller to final controller

including communications transfer.

2. (Aircraft call sign), Approach, fly present heading, descend and maintain 5000,
over.

3. (Aircraft call sign), reduce speed to 210.

4. Turn base leg (where applicable).

5. (Aircraft call sign), traffic eleven o'clock, 5 miles, a heavy Boeing 747 at 4000
turning final for AILS Runway 28 Left. Report traffic, over...

6. (Aircraft call sign), turn right heading 250.

7. Altitude assignment as appropriate.

8. (Aircraft call sign), two miles from (IAF), maintain 5000 until established on the
Iocalizer, cleared AILS Runway 28 Right Approach.

(About nine miles from the runway.)
9. (Aircraft call sign), three miles from (FAF), contact tower on 120.5.

10. Tower, (Aircraft call sign) is two and one half miles outside (FAF) for 28 right.

11. (Aircraft call sign), Tower, Runway 28 Right, cleared to land. Traffic a heavy
Boeing 747 eight o'clock, landing Runway 28 Left, over.

12. Complete approach, missed approach or EEM.

13.2 Segmented Approaches (See figure 3)

1. Automated radar handoff of aircraft from feeder controller to final controller

including communications transfer.

2. (Aircraft call sign), Approach, turn left heading 090, then descend and maintain
5000, over.

3. (Aircraft call sign), reduce speed to 210.

4. (Aircraft call sign), turn right heading 190.
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5. (Aircraft call sign), traffic eleven o'clock, five miles at 4000, a heavy Boeing 747
turning final for AILS Runway 28 Left. Report traffic, over...

6. (Aircraft call sign), turn right heading 240.

7. Final controller monitors progress.

8. (Aircraft call sign), two miles from (IAF), maintain 5000 until established on the
Iocalizer, cleared Segmented AILS Runway 28 Right Approach.

(About nine miles from the runway.)
9. (Aircraft call sign), three miles from (FAF), contact tower on 120.5.

10. Tower, (Aircraft call sign), two and one half miles outside (FAF) for 28 right.

11. (Aircraft call sign), Tower, Runway 28 Right, cleared to land. Traffic a heavy
Boeing 747 eight o'clock, landing Runway 28 Left, over.

12. Complete approach, missed approach or EEM.
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Appendix D

14.0 Suggested AILS-ATC Experiment Plan, Seattle-Tacoma Terminal Model

14.1 Introduction

A simulation study using a terminal area model based on the Seattle-Tacoma (SEA)

terminal area environment has been chosen to study parallel runway operations where the
approaches are spaced 2500 ft. apart. This selection is based on information received
that construction has started on a new runway 2500 ft. west and parallel to the existing
runway 16L/34R. The purpose of this study is to further validate that the AILS process
can be implemented in a simulation of a real world terminal environment. Twenty-five
hundred feet is the targeted minimum lateral spacing for the first independent AILS
operations. Seattle-Tacoma appears to be the terminal area that will have parallel
runways spaced 2500 ft. apart, and that could possibly benefit from AILS technology. The
AILS approaches in this study will be straight-in as opposed to segmented.

The approach to developing this plan is to assume that the experiment can be conducted
either as an integrated part of a flight deck experiment with a high fidelity real-time flight
simulator or else as a stand-alone ATC simulation. As a stand-alone ATC simulation, it is

anticipated that at least one pseudo-pilot facility, or several low fidelity flight deck
simulators, will support the experiment by representing the roles of the aircraft involved in
the scenarios.

The scenarios should include the entire relevant airspace operation beginning in the
feeder controller's airspace, through the final controller's airspace, and handoff into the
tower local controller traffic pattern. It should continue to landing or through execution of
an emergency escape maneuver (EEM) or a missed approach. If either the EEM or a
missed approach is executed, the aircraft should continue through the airspace that would
normally be impacted. It is estimated that the flights should be extended for
approximately three minutes beyond the EEM execution time until the two aircraft involved

in the initial incident are on stable paths with appropriate clearances, and the impacted
ATC positions have resolved the emergency situation.

The Seattle-Tacoma terminal area affords an opportunity to test in an environment where
only two controller positions are tested and yet valid and valuable data can be acquired.
Analysis and discussions of an intrusion event in this terminal area has resulted in
concluding that it is unlikely the track of either aircraft would proceed into the airspace of
the departure controller. Even if one does proceed in that direction, it would be very
similar to a missed approach operation and managing such an event is a relatively routine
occurrence, or at least a type of event with which ATC has considerable experience.
Therefore, this experiment will be developed to test a single local controller position (LC)
and a single final controller position (AR). All other controller positions and tasks will be

represented by a pseudo-controller operation, including a second local controller position,
the departure controller position, and the feeder controller position. Coordinator positions

may be exceptions to this general methodology.
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As previouslydiscussed,eachfacility,that is,thetowerandthe TRACON,will havea
coordinatorposition,CC (cabcoordinator)in thetower,and CI (radarcoordinator)in the
TRACON. Inthe eventof an emergencyconditionsuchas an intrusionincident,these
positionswill normallyintervene,teamingwiththe LCandapproachcontroller,andmake
someof the decisionsaboutthe resolutionof the situation. Theywill providedirectionand
instructionto the LCandARpositionsonwhatactionto take. Theywill alsoassistwith
thecoordinationbetweenthe facilities(towerandTRACON)and positions.Therefore,the
operationwill notbe a processinvolvingonlythe LCandthe AR, but it will includeinputs
and actionscompletedbythe cabcoordinatorandthe radarcoordinator.

14.2 Description of the Seattle-Tacoma International Terminal Area

This study plan assumes that a new runway has been completed at the Seattle-Tacoma
International airport so that the configuration is the three parallel runway layout illustrated
in figure 12. As illustrated in the figure, the plan assumes that the approach to the new
runway 16R is used as a parallel approach along with runway 16L. The planned runway
16R is located 2500 ft. west of the existing runway 16L, while the existing runway 16R will
be re-designated runway 16C, and will be used primarily for departures. Heavy jet traffic
will in all probability use runway 16L for departures and landings. The planned new

runway 16R will be approximately 6800 ft. in length while the existing runway 16L is
11,900 feet. Runway 16C can handle the departing traffic; however, in IFR conditions it
must operate as a single runway operation with runway 16L, because of the proximity of
the other two runways.

A study of the Seattle VFR Terminal Area Chart and existing FAA approved Standard
Instrument Approach Procedures confirms that there are no obstacles within a proximity
of runway 16L and the planned runway 16R that would prevent the use of a turning and
climbing AILS emergency escape maneuver. The terminal air traffic operation is
supported through a basic four-corner post airspace configuration and traffic flow pattern.

It is assumed that two separate tower local controller (LC) positions will control traffic to

runways 16L and 16R, and that they are physically located in the same tower cab, so one
CC position is involved in the coordination. It is not clear at this point, whether it is likely
that SEA will pair traffic for landing on runways 16L and 16R. It seems that pairing would
be done to maximize the takeoff and landing capacity in independent operations. Also, it
is reasonable to pursue a paired traffic operation because of the dependency of the three
runways due to their close proximity. In this case they would probably pair the arrival
traffic to be able to use the center runway for departures. The requirement is that
runways closer than 2500 ft. laterally be treated as one runway during approaches in IFR
conditions. Also, another consideration is the arrival flow to Boeing Field, four miles north,
which has a direct effect on the arrival flow to SEA. Although we have made these
observations and assumptions for this analysis, clearly Seattle air traffic control facility
planners will determine how the runways are used. These observations are presented

only to assist in designing a reasonably realistic study.
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Thefollowingis an attemptto summarizethe restrictionsand requirementsregarding
departingin IFRconditionson parallelrunwayscloserthan2500feet.

1. If twoaircraft, largeor small,aredeparting,thefirst departurehasto be a
minimumof 1 mileaheadofthe nextdepartureandon a 15-degreediverging
course.

2. If two heaviesaredeparting,a 5-milelongitudinalspacingmustbemaintained
at all times.

3. If a heavyanda large/smallaredeparting,it is optimalto departthe large/small
first andthe heavycandepart1 milebehindwith the large/smallhavingturnedto a
15-degreedivergingheading.

4. With a heavyor a B-757departingfirst,standardseparationmustbe applied.
The 15-degreedivergingruleis notapplicable.

Inconclusion,the commentsgivenaboverelateto howone mustmodeluseof thethree
parallelrunwaysat the Seattle-Tacomaairport. Anycrediblestudythat mightbe directly
appliedto that environmentshouldbeconductedwith theseconstraintsinmind.

14.3Experiment Objective

The objective of this experiment is to determine the effectiveness of the tower local
controller, and the final controller in performing the tasks required in an AILS operation.
The test should determine effectiveness of the controllers handling the two aircraft which
have departed from nominal operations, the erring intruder flight and the second AILS
protected flight that executes the emergency escape maneuver to avoid a mishap. The
emergency escape maneuver executed by the aircraft will be those used in the flight deck
centered AILS testing. The test will also assess the acceptability of other features of the
AILS process. This includes the initial transfer of responsibility to the flight deck crew for

separation from traffic operating on the parallel approach. Air traffic controllers will retain
responsibility for longitudinal in-trail separation.

14.4 Scope

The testing will allow evaluation of the effectiveness of the tower local controller and of a
final controller. Those two positions will be fully simulated with no artifacts of the
experiment hindering these controllers' performance of realistic operations. The other air
traffic controller position functions will be represented in the experiment in a manner that
supports the flight deck experiment (if conducted in concert) and the ATC experiment. No
attempt will be made to represent other ATC functions realistically, but the interaction with
a CC or CI position needs to be convincing from the perspective of the LC and the AR test

subjects. A pseudo-controller function will simulate all other functions of the ATC system
that need to be represented in the simulation. The pseudo-controller is assumed to be a

person with a high level of automation background to support the requirements. The
pseudo-controller should operate in the experiment in a manner that aids in presenting a
realistic environment for the subjects of the experiment with no requirement for realism at
the pseudo-controller station.
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14.5 Additional Assumptions

It is assumed that the AILS parallel approaches are in the airspace for which the LC
position has been delegated responsibility. That LC will be expected to re-establish
control and assume responsibility for the AILS traffic once an incident or emergency
escape maneuver has occurred. The local controllers will be expected to manage the two

erring aircraft, including the completion of any necessary coordination with other controller
positions. The expectation is also that they will safely manage the traffic not directly
involved in the intrusion incident that may be continuing on the approach to the runway.
The local controller must also continue, as appropriate, duties related to departure traffic
and traffic already landed but not handed off to ground control.

14.6 Independent Variables

These will be the same independent variables used in the planned AILS simulation flight
deck testing except for Item 4. Possible independent variables are the following:

1. Segmented vs. Straight-in.

2. Turning emergency escape maneuver (EEM).
3. Runway separation.
4. Nominal route for the two aircraft after the emergency escape maneuver.

At this time the Ad Hoc Team is not recommending that additional independent variables
be included that are particularly selected to explore ATC related issues, except for Item 4
in the list above. It is not expected that introducing the route of the erring traffic will
increase the number of runs that would otherwise be executed in the experiment. That
part of the testing is conducted after the other independent variables of the test have been
covered in the experiment. It is essentially an add-on to the length of each run,
approximately three minutes. The primary purpose of this study, from the ATC
perspective will be to establish, based on experimentation, that the proposed ATC

processes are feasible.

14.7 Dependent Variables

1. Subjective Evaluations by the Subject Controllers
A typical Subjective Evaluation Form for Controller Subjects is in Appendix G.

2. Subjective Evaluation/ratinq by an Observinq Expert
This will need to be done either in real time or during an off-line viewing of videotape of
the operation. Video taping will be a requirement of the operation. A question will be
whether to video tape each run at the four different control stations. The probable answer
will be that this is a requirement for the data collection in the experiment; therefore, it will
need to be done.

3. Objective Measurements
Attempts to define objective measures of ATC performance, that will be sensitive to

changes in the experiment variables, presented a difficult task for the Ad Hoc Team. The
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list that followsis madeupof potentialmeasuressuggestedbythe Ad HocTeamfor
consideration.Moredeliberationon thesepossibilitiesis needed.

3.1 Coordinationwithothercontrolpositions.
3.2 Communicationinstructionswithconflictingaircraft.
3.3 Communicationinstructionsto otheraircraftnot indirectconflict.
3.4 Errorsmade.
3.5 Otheraircraftviolatingseparationstandards.
3.6 Timelinessof instructionsto otheraircraft.
3.7 Useof incorrectATCphraseology.
3.8 Secondarytask - inducedsituationsto be managed.

3.8. 1 Aircraft airborne and not switched to departure.
3.8.2 Disabled aircraft on runway / aircraft too slow exiting runway.

3.8.3 Departing aircraft delays too long before starting take off roll.

3.8.4 There might be opportunities for secondary task measurements in the
runway crossing situations in the experimental SEA environment.

. Measurinq the Controller's Ability to Re-establish Control and Responsibility
One measurement of interest is the amount of time that elapses before the controller
accepts responsibility for separation of the erring aircraft. The request for the air traffic
controller assistance will come from the flight deck of the evading aircraft, in the
format: "Tower, aircraft ID, executing an emergency escape maneuver to avoid traffic,
request instructions." When the tower issues instructions that will constitute ATC (the

LC in this case) re-establishing control and accepting responsibility for separation of
the aircraft from all traffic. A roger, unable, or standby reply from ATC, or a controller
stating that radar targets are merged, shall be interpreted to mean that the controller
has not accepted responsibility for control and separation; and that aircraft must
continue to provide separation from each other using AILS technology. To accept
control and provide separation of the evading aircraft, targets must be separated so
that the controller can reestablish identity and provide separation. The same positive
action protocol shall be applied to the intruder aircraft in order to assume responsibility
for separation of aircraft.

The measurements made will be the time from the request of the crew of the evading
aircraft for instructions until the controller acknowledges by issuing control

instructions. Related to this will be a record of the initial reply of the controller, e.g.,
whether a "Standby" or" other control instruction, ...".

. Additional Variables for Consideration

5.1 Number of communication events to coordinate with other controllers, counted

from review of tape recording.
5.2 Number of communication events to the two aircraft involved in the incident,

counted from review of tape recording.
5.3 Time elapsed from the start of the incident until traffic flow is stabilized.

This will require a clear definition of stabilized traffic flow.
- Completed instructions to both aircraft that fit them into the pattern.
- No further unusual adjustments to any aircraft to accommodate.

- Possibly use separate measurements for each of the two aircraft.
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5.4 Thetimeuntil anaircraftis allowedto departsafelymightbe a measurement
of the stabilizedtraffic flowpattern.

5.5 A recorderswitchshouldbe put in the subjectcontroller'sstationto be
activatedby thecontrollerassoon asthe start of anevent is recognized.

14.8 Experiment Setup

The assumption in developing this plan will be that three individuals will be involved in the
ATC testing and support of the experiment, not including a test conductor and any
evaluators that may be necessary.

1. A local controller position will be evaluated.

2. A final controller position will be evaluated.

3. A pseudo-controller will carry out the other ATC support functions: A second AR
position, a second local controller position, any feeder controller positions, a tower

and TRACON coordinator positions, and any adjacent sector positions necessary.

The equipment required for the simulated air traffic controller stations in the experiment is
indicated in Table DI.

Table D1. - Simulator Equipment Requirement

2

3
4

5

6

7

8

9
10

SIMULATION EQUIPMENT AR TOWER LC PPC CC/CI

Radar display/software FDAD DBRITE PC PC
monitor monitor

X X

X X

Air to ground AILS alert

Ground generated alert
Vox radio com channel

Com head, push-to-talk
Track ball and software

X

X

X

X X

X X

Coordination line to AR x x

Coordination line to LC x x
Coordination line to PPC x x x

Coordination line to CC/CI x x x x

AR - Final Controller LC - Local Controller PPC - Pseudo Position Controller
CC/CI - Cab Coordinator/Radar Coordinator

14.9 Conducting the Experiment

1. Briefinq the Controller Subjects
An experienced controller should conduct this briefing, or at least some portions of it.

- Define and explain the AILS process.
- Define and explain the SEA terminal area and the future runway addition.
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- Discussthe assumedtraffic flowpattern.
- Discusstake-offandlandingoperationsat the airport.
- Definethe role andexpectationsof eachpositionin the AILSprocess.
- Discussthe role ofthe localcontrollerduringEEM's.
- DiscussanyassumedfacilitiespoliciesregardingEEM's.
- Underscorethat this is anevaluationofthe AILSprocessandwhetherit is
practicalto expectcontrollersto managetasks asdefined.

- Discussthe simulatedcontrollerpositionsand testhardware.
- Describethe debriefingforms:a. eachrun,b. eachsession.

2. Practice Runs for the Controllers

Prior to data collection in a given position, the subjects will be given a practice session
which will include a minimum of three AILS intrusion incidents with emergency escape
maneuvers. The practice operations should continue until the subject controllers feel
comfortable that they understand the requirements and can manage the tasks required at
the position. The initial practice session with a given controller group will include having
the controller complete an evaluation form (Appendix G) for each of the types of

operations (normal landings, missed approaches, emergency escape maneuvers).

3. Test Session for Data Collection

A session will consist of a one-hour operation of traffic flow into the SEA terminal area. It

will include 20 normal landings, 5 missed approaches, and 5 intrusions incidents. After
each missed approach, each intrusion incident involving an emergency escape maneuver,
and 5 of the normal runs, the simulation will be frozen and the controllers requested to
complete an evaluation form. Approximately five minutes will be allowed to complete the
forms. After completing the evaluation form, the simulation will be reactivated from the
state at which it was frozen. The total operating time for a session will be approximately
two hours and 15 minutes.

If the test subjects are brought in as a pair, assuming each is qualified to operate at each
position, it will then be feasible to get a set of data from each subject in the two positions
being tested during a one or two day operation. A session will consist of the data
collected with a given subject operating in a single controller position. It will consist of one

hour of operation with approximately 30 aircraft making an approach to each of the two
runways. After completing a session of operation in a particular position, each controller

will be requested to complete an evaluation form covering the task requirements in the
respective position.

14.10 Scenarios for the Two Aircraft After the Intrusion Incident

If a live flight deck simulator is used, only the path of the intruder prior to the emergency
escape maneuver can be preprogrammed. As the subject air traffic controller assumes
responsibility for the aircraft, the intruder aircraft becomes a pseudo-pilot controlled
aircraft, a transition initiated when it is given the first ATC instruction. Pseudo-pilot input
to respond to controller instructions will execute the change over.

If a live flight deck simulator is not used, a pseudo-pilot can represent the evading aircraft

with the emergency escape maneuver automatically initiated. After the incident starts the
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pseudo-pilotoperationcan representthe operationof boththe aircraftinvolvedin the
incident.

Figures13 through16presentincidentscenariosfor thetwo aircraft includingthe routeof
thetwo aircraftinvolvedafterthe intrusionincident. Thepathof the intruderaircraftcan
bepreprogrammedup to the start of the emergencyescapemaneuver.Whenthe
scenarioincludesthe intrudermaneuveringin responseto ATC instructions,the pseudo-
pilotwill makeinputsto controlthe pathof the intruder,alternatelyinsomecases,the
intruderaircraftwill bescriptedto notrespondto ATC instructions.

14.11Methods for Representing the Intruder Trajectories in the Scenarios

The following are some thoughts on how to conduct the simulation that include options to
use a real time flight deck simulator or else to operate an ATC role study separate from a
real time flight deck simulation activity.

- Intruder and evader fly prerecorded tracks taped in the flight deck simulation study (or
some other source) until the evader pseudo-pilot requests air traffic controller
instructions. The two aircraft are on different tower communication frequencies, with
different local controllers.

- The evading aircraft, after executing the initial emergency escape maneuver, should
contact the tower local controller.

- Upon deviating from the final approach course with a control problem, wake turbulence
upset or wind shear encounter, as examples, the intruder pseudo-pilot should request
ATC instructions.

- The evader aircraft continues on its pre-recorded track (if a pseudo-pilot is used for the
evader, as might be the case if a real time flight deck simulator was not used) until the
test local controller provides instructions. The idea here is that the prerecorded tracks of

the evader and intruder will have been created simultaneously, e.g. tracks of the two
aircraft from the LaRC AILS piloted simulation study. On receiving instructions, the

evader aircraft pseudo-pilot executes the instruction. An evader pseudo-pilot input will
disable and override the pre-recorded track. Clearly, if a real time flight simulator is
used, the evader track will not be prerecorded, and the evader flight deck would execute
the emergency escape maneuver, contact tower, and comply with instructions.

The intruder aircraft should be on a different local control frequency than the test local
controller.
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Appendix E

15.0 Suggested AILS-ATC Experiment Plan, San Francisco Terminal Model

15.1 Introduction

The San Francisco (SFO) terminal area environment (figure 17) presents a number of
issues related to the composition of a study of this nature. One such issue is the question
of which air traffic controller positions are likely to be impacted by an AILS emergency
escape maneuver. The analysis of the Ad Hoc Team indicates that several of the
controller positions may be affected. An incident involving an EEM will usually start in the
local controller's airspace and proceed, depending on a number of factors, most probably
into the airspace of a final controller. There is also a remote chance that the deviating
traffic could continue into the departure controller's or feeder controller's airspace.

Regardless of the initial directions of the deviating traffic and circumstances of the
incident, the immediate objective of ATC is to guide the two aircraft safely and
expeditiously back into the arrival stream. Having an aircraft actually proceed to a holding

fix and hold, is not a desirable option from the air traffic controllers' perspective. It is more
efficient to put the deviating traffic on a course that will integrate it back into the normal
traffic pattern. When ATC assumes control responsibility, their priority will be to insure
separation of all traffic involved and to handoff the deviating aircraft directly to a final
controller if possible.

The TRACON has responsibility for the terminal airspace including the "tower's airspace,"
where control authority has been delegated by the TRACON. Decisions are coordinated
between the tower and TRACON personnel involved as they deal with an incident such an
airspace intrusion. These two facilities must work together as a team to resolve the
situation and direct the deviating aircraft back into the arrival stream. In an incident, there
are likely to be two aircraft that need to be integrated back into the airspace. Although

less appealing than handing-off deviating traffic to the final controller, the option to handoff
deviating aircraft to the departure controller exists. In this event, the expectation would be

that the aircraft would be guided back to the arrival airspace via the feeder controller
airspace. Clearly, the position and direction of the deviating aircraft and volume of the
traffic will be factors in determining the resolution. Finally, a malfunctioning radio
communication link will also impact the resolution, as would any other airborne system
failure that could have contributed to the problem in the first place.

This suggested experiment plan will focus on the situation where an encroachment into
the airspace of the adjacent final controller is developing as a result of the intrusion
incident.

15.2 Background

The approach to developing this plan is to assume that the experiment can be conducted
either as an integrated part of the flight deck experiment with a real-time flight simulator or
else as a stand-alone simulation. As a stand alone simulation, it is anticipated that at
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leastone pseudo-pilotfacilityor a numberof standaloneflightdecksimulatorswill
supportthe experimentby representingthe roleof the aircraftinvolvedin the scenarios.

Thescenariosshouldincludethe entirerelevantairspaceoperationbeginningin the
feedercontroller'sairspace,continuingthroughthe finalcontroller'sairspace,to thetower
localcontroller'strafficpatternto landing,missedapproach,or executionof an EEM. If an
EEMis executed,the aircraftshouldcontinuethroughthe airspacethat wouldnormallybe
affected. It is estimatedthatthe flightsshouldbeextendedfor approximatelythree
minutesbeyondthe EEMexecutiontime until thetwo aircraftinvolvedin the initialincident
areonstablepathswithappropriateclearances,andthe impactedpositionshave
stabilizedtheir operations.

15.3 Assumptions

It is assumed that a single local controller position will operate the San Francisco tower
traffic, since that is the case in the current SFO tower operation. This assumption is
based on discussions with SFO air traffic staff personnel indicating that an effort has been
made previously to define a safe operation that divided the tasks between two controllers.
However, the conclusion was reached that operating with one local controller makes the

most sense from the vantage point of maintaining the complex coordination needed for
the runway configuration.

Given the single local controller position in IFR operations, the use of an AILS monitor
controller (MR) is recommended in a SFO application of AILS. The task of the MR will be
distinctively different from that of current final monitors (FM) operating in other
simultaneous independent ILS approach environments. The SFO AILS monitor, assumed
to be a TRACON position, will perform the following functions.

1. Monitor aircraft operating on the parallel approaches.

. Issue appropriate speed advisories to those aircraft to assure same-stream

longitudinal spacing or have aircraft execute a missed approach where necessary for
spacing violations. The logic is to avoid or minimize additional workload on the LC
where feasible.

. In the event of an EEM, the MR will assume ATC responsibilities for each of the
deviating aircraft as the flight deck crew reports its deviation from its clearance or as
the MR observes on the radar display, and appropriate separation and identification
conditions are met.

4. During the process of resolving the mishap, the MR will coordinate with the control
positions impacted and handoff the deviating aircraft to the appropriate controller.

15.4 Experiment Methodology

The tests should be conducted in a realistic traffic environment that represents departure
traffic as well as approach operations. It is highly desirable that SFO local controllers
participate in the testing. But it may not be necessary that testing be restricted to only
SFO controllers as subjects. This point will be discussed in more detail later. However, it
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is evidentthat the job of theSFO localcontrollerisdifferentandperhapsmorecomplex
than localcontrollersat mostotherairports. Trainingwill probablybea verysignificant
issue.

1. Use of a Control Condition

A control condition can be used in an experiment to set a baseline of performance
or behavior metrics in the environment in which the experiment is being
conducted. Independent variable effects can then be evaluated relative to the
baseline condition.

A methodology using a control condition might be to measure whether the
experimental task under investigation (e.g. controller's role in an AILS EEM) would
require significantly different controller performance than does a current SFO ATC
operation. The idea is to use a sample of the general controller population in
testing to measure differences in task requirements. The intent would be to
quantify any differences in the tasks of the controllers in the two operations in
terms of the metrics selected. The favorable outcome for AILS approaches would

be that the two conditions were judged to be essentially the same in terms of the
metrics selected or that the values of metrics were better in the AILS-condition. It

would then stand to reason that the AILS task can be completed at least as safely
as the control-condition flights are conducted, from the air traffic controller
requirements perspective.

A feasible control condition would be an aircraft executing an EEM-like maneuver
because of an intruder incident in VMC. The idea here is to simulate VMC flights
into SFO with an intruder incident as the baseline for comparing control
performance. Controllers would normally intervene immediately in such a situation
similarly to how they would be requested to assume control in the proposed AILS
operations. This control condition could require a high fidelity tower simulation
with out-of-the-window viewing of the surrounding airspace. Alternately, the
control condition tests could be limited to incidences outside of the outer marker

where the local controller would need to use their DEBRITE display to issue
control instructions.

2. A Risky Methodoloqy that could be beneficial

This subsection describes methodology that does not require a large pool of
experienced SFO controllers as subjects. The argument presented here is that
although there is such a methodology, there is a significant risk involved. The risk
is the possibility of ending up with results that are not definitive.

The premise of such an experiment would be that if the general population of
controllers can perform the required tasks successfully, then in all certainty,

experienced SFO controllers will have no problem with the tasks, from a task
difficulty or workload perspective. The risk involved would be in conducting an
experiment that will have two possible outcomes, one of which is no problem and
the other having a significant problem. The favorable outcome possibility is no
problem. This is the experimental result that the SFO AILS application works well
from an ATC perspective when tested with a general controller population.

52



Thisproblematicalternateoutcomeis that the experimentwouldshowthatthe
AILSoperationis unacceptablefor thegeneralcontrollerpopulationtested.
Consequently,the experimenterwouldnotknowwhetherthe AILSapplication
wouldhaveyieldedfavorableresultsif awell-trainedcontingencyof controllers,
experiencedin SFOoperations,hadbeenusedas subjects. Thepossibilityof this
alternative,whichmightbe interpretedas havingconducteda uselessexperiment,
is the risk involvedinthis methodology.

Thismethodologywoulduseavailableexperiencedcontrollersas subjectsin the
tests,butwouldnot requirethatthe majorityof thembe highlytrainedor qualified
specificallyfor the SanFranciscooperations.Thesubjectswould receivea
"reasonable"amountof simulatortrainingin thetasks priorto participatingin the
experiment.

Why take such a risky approach? An argument for using this methodology is that
the AILS application is believed highly likely to result in the favorable outcome. In

this regard, the previously stated recommendation of the ATC Ad Hoc Team is that
a special AILS monitor controller be used in the SFO AILS operation. This monitor

controller would have specially designed tasks tailored to the SFO environment.
The judgement of the team members is that it would be a manageable task for air
traffic controllers, in particular the monitor positions, the arrival controller positions,
and the departure positions, to guide the deviating traffic back into the traffic flow
pattern. The problem would be significantly intensified if additional tasks had to be
carried out by the single LC instead of an intervening monitor controller. This is
why the monitor controller position is recommended in this environment in the first
place.

Also, the cost of resources required to conduct an experiment may weigh heavily
in selecting this methodology. The resources required to conduct a better
experiment, for example using all SFO local controllers in the LC position, that

would have increased likelihood of resulting in a definitive result, may be
unrealistic.

Both of the two factors stated above are elements to consider in designing an
experiment to test the SFO terminal area environment. They might well be
considered paramount in the case of the SFO AILS ATC experiment under
discussion.

As a final point, including two or three experienced SFO local controllers in a study
conducted using this methodology would provide a control group in the subject
population to allow detecting unrealistic experiment features. It would also provide
comparisons of the behavior of other subjects to that of the experienced SFO local

controllers. This feature might also counter some of the risk discussed above in
that it might provide an explanation for some of the unfavorable results if that
turned out to be the outcome.

In the final analysis, the particular conditions under which the experiment will be
conducted will have to be evaluated by the planners of the experiment. The
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discussionprovidedabovehas includedsomeideasthat mightbeconsideredto
reduceexperimentationcosts.

15.5 Scope

The testing will allow evaluation of the effectiveness of the tower local controller (LC), the
AILS Monitor (MR), and of a final controller (AR). Those three positions will be fully

simulated with no experiment artifacts hindering these controllers' performance of realistic
operations. The other air traffic controller position functions will be represented in the
experiment in a manner that supports the flight deck experiment (if conducted in concert)
and the ATC experiment. No attempt will be made to represent other ATC functions
realistically, i.e. beyond the extent necessary for a realistic appearance to the test
subjects. A pseudo-controller function will simulate all other functions of the ATC system
that need to be represented in the simulation. The pseudo-controller is assumed to be a
person with a high level of computer support to manage the task requirements. The
pseudo-controller should operate in the experiment in a manner that aids in presenting a
realistic environment for the subjects of the experiment with no requirement for realism at
the pseudo-controller station.

15.6 Experiment Objective

The objective of this experiment is to determine the effectiveness of the tower local
controller, the AILS monitor, and a selected final controller in performing the tasks
required in an AILS operation focusing on the segmented approach. The test should
determine effectiveness of the controllers handling the two aircraft that have departed
from a nominal operation: the erring intruder aircraft and the second AILS protected
aircraft that executes the emergency escape maneuver to avoid a collision.

The test will also assess the acceptability of other features of the AILS process, including
the initial transfer of responsibility to the flight deck for separation from traffic operating on
the parallel approach while air traffic controllers retain responsibility for longitudinal in-trail

separation.

15.7 Independent Variables

The independent variables will be the same as those discussed in the test plan for the
SEA terminal area model presented in Appendix D.

15.8 Dependent Variables

The dependent variables will be the same as those discussed in the test plan for the SEA
terminal area model presented in Appendix D.

15.9 Experiment Setup

The assumption in developing this plan will be that four individuals will be involved in the
ATC testing and support of the experiment, not including a test conductor and any

evaluators that may be necessary.
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1. A localcontroller(LC)positionwill beevaluated.
2. A finalcontroller(AR)positionwill beevaluated.
3. An AILS monitor(MR)will be evaluated.
4. A pseudo-controller(PPC)will carryout the otherATCsupportfunctions:A second

AR-finalcontroller,two feedercontrollers,adjacentsectorcontrollers,a departure
controller,and atowerand TRACONcoordinator.

Theequipmentrequiredfor the simulatedair traffic controllerstationsin the experimentis
indicatedinTableEl.

Table El.- Simulator Equipment Requirement

SIMULATION EQUIPMENT AR TOWER LC MR PPC

Radar display/software FDAD DBRITE FDAD PC
monitor

X X X

X X X

Air to ground AILS alert

Ground generated alert
Vox radio com channel X X X

Com head, push-to-talk x x x x
Track ball and software x x

Coordination line to AR x x

Coordination line to LC x x

Coordination line to PPC x x x

AR - Final Controller LC - Local Controller PPC - Pseudo Position Controller
MR - AILS Monitor Controller CC/CI - Cab Coordinator/Radar Coordinator

15.10 Conducting the Experiment

The same discussion as in the experiment plan for the modeled SEA terminal area
presented in Appendix D applies to this suggested experiment.

15.11 Scenarios for the Two Aircraft after the Intrusion Incident

Figures 18 through 23 present incident scenarios for the two aircraft including the route of
the intrusion incident. The path of the intruder aircraft can be preprogrammed up to the
start of the EEM. When the scenario includes the intruder maneuvering in response to
ATC instructions, the pseudo-pilot will make inputs to control the path of the intruder.

55



Appendix F

16.0 Suggested AILS-ATC Experiment Plan, Minneapolis St. Paul Terminal
Model

16.1 Introduction

The Minneapolis-St. Paul (MSP) terminal area environment is under consideration for
testing the AILS concept in an ATC environment with closely spaced parallel runways
approximately 3400 ft. apart. The actual lateral distance between parallel runways 30L
and 30R is 3380 feet.

The approach to developing the test plan is to assume that the experiment can be
conducted either as an integrated part of the flight deck experiment with a real-time flight
simulator or else as a stand-alone simulation. As a stand-alone simulation, it is
anticipated that at least one pseudo-pilot facility or low fidelity flight deck simulator will
support the experiment by representing the roles of the aircraft involved in the scenarios.

The scenarios should include the entire relevant airspace operation beginning in the

feeder controller's airspace, through the final controller's airspace, into the tower local
controller traffic pattern for landing, and the execution of an emergency escape maneuver

(EEM), or missed approach. If either the EEM or a missed approach is executed, the
flight of the aircraft should continue for approximately three minutes so that the two
aircraft involved in the initial incident are on stable flight paths with appropriate clearances
and the impacted ATC positions have stabilized their operations.

The Minneapolis-St. Paul terminal area model affords an opportunity to test in an
environment where only two controller positions are evaluated and yet sound and valuable
data can be obtained. It is evident from the analysis and discussions of the operations in
this terminal area that, in an intrusion event, it is unlikely that the track of either aircraft
would proceed into the airspace of the departure controller. Even if one does proceed in
that direction, it would be very similar to a missed approach operation and managing such
an event is a relatively routine occurrence, or at least an event with which ATC has

considerable experience. Therefore, this experiment will be developed to test a single
local controller position and a single final controller position. All other controller positions
and tasks will be represented by a pseudo-controller operation, including a second local
controller position, the departure controller position, and the feeder controller position.

16.2 Minneapolis St. Paul Terminal Environment

Figure 24 presents an illustration of the Minneapolis-St. Paul terminal area. Its parallel
runways, 12L/30R and 12R/30L, are crossed by runway 4/22. The usual traffic flow
involves takeoff and landing operations on both parallel runways during all weather
conditions.

Approval was received in October 1997, for MSP ATCT to utilize the Instrument Landing
System Precision Runway Monitor (ILS PRM). This system allows for independent

simultaneous ILS approaches to runways spaced 3400 ft. apart. The PRM system uses
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high-updaterateradaranda high-resolutioncolor monitor. Twofinalmonitorcontrollers
operatethe PRMsimilarto conventionalindependentapproacheswherefinal monitor
controllersare required.

The ILSPRMsystemwasoperationalin MSPfrom October1997until March1998.
Theplanningnecessaryto integratethat systemintoMSPterminalairspace
resolveda numberof the issuesof howanAILS systemwillneedto be
integratedin the MSPairspace. Therefore,anoverviewof the ILS PRMprocess
at MSPis includedin thisdiscussion. It is emphasizedthatthe AILS
processdoesnot in anymannerdependuponthe existenceandoperationof
the PRMsystem.

Under ILS PRMprotocolfor IFRoperations,the parallelapproachesto runways30Land
30Rare independent.Basedon informationprovidedby MSP,the normaloperating
practiceis to conductpairedapproacheswhenILS PRMapproachesare in use. The
followingdiscussionexplainswhythis is done.

Dependentstaggeredapproachesand independentsimultaneousapproachesarethe two
operationalmodesfor managingapproachesto runway30L/30RduringIFRoperations.A
dependentstaggeredoperationis useduntiltraffic volumebecomesso highthat a greater
capacitycan beachievedby usingindependentsimultaneousapproaches.Duringthese
highvolumeperiods,the operationis normallychangedoverto independentsimultaneous
ILSapproachesusingthe PRM. Whenthedemanddiminishesat the endof these
periods,there is a changebackto the dependentstaggeredoperationthat does not
requireuseof the PRM. Anotherconsiderationinvolvesthe needto get the departure
trafficairbornebetweenlandingoperationsusingthesametwo parallelrunways. This
needexistsbecausethe arrivaland departurepeaksoccurat thesametime. Oncea pair
of aircraft land,twodepartingaircrafttaxi ontothe two runwaysanddepartbeforethe next
twoarrivingaircraftland. Pairingthe aircrafthastwofunctions. It facilitatesproviding
gapsfor thedepartingaircraftand it facilitatesswitchingbetweenindependentILSPRM
operationsanddependentstaggeredoperations.

Priorto turningon thefinal approachcourse,the finalcontrollerwill sequencethe two
aircraftfor eithera dependentstaggeredapproachor an independentsimultaneous
approach.Successiveaircraftpairsare longitudinallyspacedfour to fivemilesin trail to
facilitatedepartures.It is emphasizedthat there is nosafetyrequirementto pairthetraffic
in this mannerfor the ILSPRMoperation.Thisprocedureis usedto increasetraffic
managementefficiency.

16.3 Precision Runway Monitor at Minneapolis Airport

1. Authorization

The FAA authorized Minneapolis-St. Paul ATCT to conduct simultaneous close

parallel ILS PRM approaches in October 1997. These approaches are authorized
for runways 30L/R and 12L/R. A waiver was required because the runways are

3380 ft. apart and not 3400 ft. apart as required for ILS PRM.
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2. Methodoloqy
The ATIS broadcast announces when ILS PRM approaches are in progress and
the pilots notify ATC on initial contact if they cannot meet the requirement to
perform the approach. Each aircraft is assigned two frequencies when conducting
the approach: a primary frequency to transmit and receive control instructions

from ATC, and a monitor-only frequency to avoid a blocked transmission from air
traffic control.

3. ATC Traffic Flow

Arrival and departure peaks occur at the same time, consequently departure
spacing is provided when conducting approaches. Departures use both parallel
runways. Four to five mile spacing on final approach is needed to provide enough
time for departures.

A staggered approach sequence is used until the flow reaches approximately 20
miles on the final approach path at which time a transition to simultaneous
independent ILS approaches is made.

16.4 Experiment Objective

The objective of this experiment is to determine the effectiveness of the tower local
controllers and the final controller in performing the tasks required in an AILS operation.
The test will determine effectiveness of the controllers handling the two aircraft, which
have departed from the nominal operation; namely, the erring intruder flight and the
aircraft that executes the EEM to avoid a mishap. The EEM executed will be the turning-
climb maneuver. The tests will also assess the acceptability of other features of the AILS
process, such as the initial transfer of responsibility for separation from traffic operating on
the parallel approach to the flight deck crew while the air traffic controllers retain
responsibility for longitudinal in-trail separation.

16.5 Scope

The testing will allow evaluation of the effectiveness of the tower local controller (LC) and

a final controller (AR). These two positions will be fully simulated with no artifacts of the
experiment hindering these controllers' performance of realistic operations. The other air
traffic controller position functions will be represented in the experiment in a manner that
supports the flight deck experiment (if conducted in concert) and the ATC experiment. No
attempt will be made to represent other ATC functions realistically. A pseudo-controller
position will simulate all other functions of the ATC system that need to be represented in
the simulation. The pseudo-controller is assumed to be a person with a high level of
automation experience to support the requirements. The pseudo-controller should
operate the experiment in a manner that aids in presenting a realistic environment for the
subjects of the experiment.

It is assumed that the AILS approaches are controlled directly by the tower local controller

managing traffic to that particular runway. That LC will be responsible for re-establishing
control and assuming responsibility for the AILS traffic once an incident or EEM has
occurred. The local controllers will be expected to manage the two erring aircraft,
including the completion of any necessary coordination with other controller positions.
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Theywill haveto safelymanagethetrafficnotdirectlyinvolvedin the intrusionincident
that maybecontinuingon the approachto the runway. Andfurther,theywill haveto
continuemanagingdepartureaircraftandaircraftthat havealreadylandedand havenot
beentransferredto a groundcontrolposition.

16.6 Independent Variables

The independent variables will be the same as those discussed in the test plan for the
SEA terminal area model presented in Appendix D.

16.7 Dependent Variables

The dependent variables will be the same as those discussed in the test plan for the SEA
terminal area model presented in Appendix D.

16.8 Experiment Setup

The assumption in developing this plan will be that three individuals will be involved in the
ATC testing and support of the experiment, not including a test conductor and any
evaluators that may be necessary.

1. A local controller position will be evaluated.

2. A final controller position will be evaluated.

3. A pseudo controller will carry out the other ATC support functions: A second AR
position, a second local controller position, any feeder controller position, a tower and
TRACON coordinator positions, and any adjacent sector positions necessary.

The equipment required for the simulated air traffic controller stations in the experiment is
indicated in Table FI.

Table FI. Simulator Equipment Requirement

2

3

4

5

6
7

8

9

10

SIMULATION EQUIPMENT AR TOWER LC PPC CC/CI

Radar display/software FDAD DBRITE PC PC
monitor monitor

X X

X X

Air to ground AILS alert

Ground generated alert
Vox radio com channel X X

Com head, push-to-talk x x x
Track ball and software x x
Coordination line to AR x x

Coordination line to LC x x

Coordination line to PPC x x x

Coordination line to CC/CI x x

AR - Final Controller LC - Local Controller PPC - Pseudo Position Controller
CC/CI - Cab Coordinator/Radar Coordinator
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16.9 Conducting the Experiment

The same discussion as in the experiment plan for the modeled SEA terminal area
presented in Appendix D applies to this suggested experiment.

16.10 Scenarios for the Two Aircraft after the Intrusion Incident

If a hardware-based flight deck simulator is used (as opposed to a software-only model),
only the path of the intruder prior to the EEM can be preprogrammed. As the subject air
traffic controller assumes responsibility for the aircraft, the intruder aircraft becomes a
pseudo-pilot controlled aircraft. This transition is initiated when it is given the first ATC
instruction. Pseudo-pilot input to control aircraft will initiate the transition.

If a hardware-based flight deck simulator is not used, a pseudo-pilot could represent the
evading aircraft. Its trajectory can also be canned until the intrusion incident transpires. It
is possible to consider incorporating the trajectories of the encounters of a previously
conducted flight deck simulation study. After the incident starts the pseudo-pilot operation
can represent the operation of both aircraft involved in the incident.

Figures 25 through 28 present the example incident scenarios developed for the MSP
experiment.
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17.0

Appendix G

Subjective Evaluation Form for Controller Subjects
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Subjective Evaluation Form for Controller Subjects

Position: LC AR (AILS)MR Date: Subject:
(Circle one of the above)

Display Requirements

• Were you able to see the separation between targets when initially requested
to assume control after the EEM?

a. never b. occasionally c. frequently d. entire operation

. Could all of the traffic impacted by the emergency escape maneuver be easily

observed on your radar display?
a. never b. occasionally c. most frequently d. entire operation

. Was there traffic not in view on the radar display that needed to be accounted
for in dealing with the problem?

a. never b. occasionally c. frequently d. entire operation

4. Was there other traffic that was immediately impacted by the maneuvering of
the erring traffic?

a. never b. occasionally c. frequently d. entire operation

. How many other aircraft (excluding the two initially involved in the conflict) were
given vectors, speed adjustments, or watched closely to avoid an additional
conflict after the emergency escape maneuvering started?
a. none b. one or two c. three or four d. five or six e. larger number

Communication Requirements (after the missed approach or incident)

6. Was there adequate time for communication with your aircraft?
a. never b. occasionally c. frequently d. entire operation

. Did you feel that you were able to make all of the communications necessary to

manage the task in a timely manner?
a. never b. occasionally c. frequently d. entire operation

8. Did you make all of the communications with aircraft that you desired to make?
a. never b. occasionally c. frequently d. entire operation

9. How often did you feel that the situation was on the verge of being out of hand?
a. never b. occasionally c. frequently d. entire operation

10. How often did you sense that you had fallen behind the pace of what was
needed to be done?

a. never b. occasionally c. frequently d. entire operation
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Alerts

11. Did you find the caution (amber warning) alert adequate to cue you that an
intrusion incident was evolving?
a. inadequate b. some deficiencies c. neutral d. adequate
e. above average

12. Did you find the caution alert a useful feature?
a. unnecessary distraction b. slightly distracting
d. somewhat beneficial e. very beneficial

c. neutral

13. Was the audio tone associated with the caution alert useful?

a. unnecessary distraction b. slightly distracting c. neutral
d. somewhat beneficial e. very beneficial

14. Was the intrusion warning (red alert) adequate to cue you that an intrusion
incident was in progress?

a. unnecessary distraction b. slightly distracting c. neutral
d. somewhat beneficial e. very beneficial

15. Did you find the red alert a useful feature?
a. an unnecessary distraction b. slightly distracting
d. somewhat beneficial e. very beneficial

c. neutral

16. The aural sound warning of the intrusion incident was
a. an unnecessary distraction b. slightly distracting
d. somewhat beneficial e. very beneficial

c. neutral

17. Do you feel that you could have done the job just as well without the alerts?
a. never b. occasionally c. uncertain d. usually e. always

Coordination Requirements (controller and coordinator)

18. Was there adequate time available to coordinate with the controller position
to whom the erring traffic was handed off?
a. never b. occasionally c. uncertain d. usually e. always

19. Was the coordination process smooth and handled well?
a. never b. occasionally c. uncertain d. usually e. always

20. Were there unexpected situations to coordinate during the incidents?
a. never b. occasionally c. uncertain d. usually e. always

21. Did you complete all of the coordination communications you intended?
a. never b. occasionally c. uncertain d. usually e. always
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Other Traffic (Control of traffic not immediately involved in the incident while the intrusion was

in progress and immediately afterwards)

22. Did you feel that there was adequate time available to continue your normal
duties of controlling traffic not involved in the incident?
a. too rushed b. slightly rushed c. adequate d. no effort

23. Did traffic not directly involved in the incident have to be maneuvered to
resolve the problem and stabilize the traffic flow?

a. no changes b. slight maneuvering required
c. significant maneuvering required d. pushed to the edge
e. unable to manage

24. Do you feel that the realism of the simulation was adequate to draw
conclusions about the effectiveness of the controller in managing and resolving

the situations you were exposed to in this study?
a. excellent b. minor deficiencies c. average d. fair e. poor

Space for Comments on any Aspects of the Simulation:

64



Run Debriefing Form
Run no. Date:

Subject no. Position LC DR (AILS Monitor)MR AR
(Circle one of the above)

• Prior to any incident (intrusion or missed approach), based on my workload, I would
describe the task as

a. not difficult b. somewhat difficult c. moderately difficult d. very difficult

2. Was the coordination among control positions adequate in this run?
a. poor b. fair c. good d. above average e. excellent

If you answered Poor or Fair, who did you have problems coordinating with?
Circle response: LC DR MR AR CI CC other

Comment:

3. Which other controllers did you coordinate with (directly communicate)?
a. LC b. AR c. FR d. MR e. DR

4. Did you experience communication delays because the frequency was in use?
a. big problem b. some problem c. mostly no problem d. no problem

--Stop here if no incident or missed approach occurred ....

. Rate the difficulty of managing the erring traffic and bring the control of traffic in your
airspace back to a stable flow.

a. not difficult b. somewhat difficult c. moderately difficult d. very difficult

6. Planning my action to resolve the traffic conflict was
a. not difficult b. somewhat difficult c. moderately difficult d. very difficult

7. The information available to assess the situation was

a. significant deficiencies b. about right c. excellent

. How would you rate the value of the caution and warning alerts?
a. both very helpful c. caution helpful but warning unnecessary
b. both unnecessary d. warning helpful but caution unnecessary

9. The impact of the intrusion on my control of traffic not directly involved in the incident
was

a. a big problem b. some problem c. mostly no problem d. no problem

Local Control Only:
10. When you were first notified (by the pilot) that an incursion was taking place between

the two aircraft, the targets
a. were merged with no altitude separation
b. were not merged, but there was a loss of separation between the two aircraft

c. separated

Please Make Any Additional Comments on this Run on the Back of this
Sheet.
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18.0 List of Figures
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Figure

1. Typical terminal airspace allocation.
2. Independent straight-in AILS approaches.
3. Independent segmented AILS approaches.
4. Paired-staggered concept.

5. The AILS concept.
6. Modified lateral path constraints (Iocalizer) based on DGPS.
7. AILS information presented in the PFD and ND.
8. AILS information showing own airplane lateral deviation caution alert.
9. Traffic warning, level three alert.
10. ARTS IIIA/E radar display scaling.
11. Tower local controller radar display resolution.
12. Nominal traffic pattern in the Seattle-Tacoma terminal area
13. SEA incident scenario 1: RWY 16R straight-in approach, EEM right of course.
14. SEA incident scenario 2: RWY 16L straight-in approach, EEM left of course.
15. SEA incident scenario 3: RWY 16L/R straight-in approaches, missed approach

RWY 16R.

16. SEA incident scenario 4: RWY 16R straight-in approach, approaches to BFI in
progress, EEM right of course.

17. SFO nominal segmented approach.
18. SFO incident scenario 1: RWY 28R segmented approach, EEM right of course.
19. SFO incident scenario 2: RWY 28L straight-in approach, EEM left of course.
20. SFO incident scenario 3: RWY 28R segmented approach, EEM right of course.
21. SFO incident scenario 4: RWY 28L segmented approach, missed approach.
22. SFO Incident Scenario 5: RWY 28R segmented approach, missed approach.
23. SFO Incident Scenario 6: Lost radio contact with the Intruder.

24. MSP terminal area, nominal traffic flow pattern.
25. MSP incident scenario 1: RWY 30L straight-in approach, EEM left of course.
26. MSP incident scenario 2: RWY 30R straight-in approach, EEM right of course.

27. MSP incident scenario 3: RWY 30L straight-in approach, missed approach to
the left.

28. MSP incident scenario 4: RWY 30R straight-in approach, missed approach to
the right.
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